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Asymmetric domain wall propagation caused by interfacial Dzyaloshinskii-Moriya interaction
in exchange biased Au/Co/NiO layered system
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Dzyaloshinskii-Moriya interaction (DMI) is a well-known phenomenon in ferromagnetic/heavy metal or
ferromagnetic/nonmagnetic oxide thin layered films. Here, we show that DMI is also found in exchange biased
ferromagnetic/antiferromagnetic oxide layer systems and that it is independent of the macroscopic direction
of the interlayer exchange bias coupling. Using the relation between thickness of the ferromagnetic layer
and asymmetric domain wall propagation at external magnetic fields applied in plane and perpendicular to
a sample plane of a Au/Co/NiO layered system, the strength of interfacial Dzyaloshinskii-Moriya interaction
was determined. Based on this relation, we found that observed clockwise chirality is related to strong negative
Dzyaloshinskii-Moriya interaction, which is independent of the direction of the interlayer exchange bias coupling.
We also demonstrate that in the Au/Co/NiO system, domain motion can be controlled precisely by alternating
magnetic fields. This concept can be attractive for many applications based on field-induced domain and domain
wall motion, particularly in systems where exchange bias is required.
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I. INTRODUCTION

The asymmetric exchange interaction, known as
Dzyaloshinskii-Moriya interaction (DMI) [1,2], was examined
to explain chiral spin configurations [3,4]. It is widely
investigated in thin layered systems with perpendicular
magnetic anisotropy (PMA) because it allows to fabricate
magnetic recording media with extremely high data storage
densities and offers concepts of an information technology
based on skyrmion or current-induced domain or domain wall
(DW) motion [5,6]. The DMI in layered systems is induced
by the inversion symmetry breaking at interfaces causing
noncollinear spin configuration mediated by atoms with a large
spin-orbit coupling (SOC) [7]. The energy term associated with
DMI can be expressed as EDM = �D · ( �S1 × �S2), where �S1 and
�S2 denote the atomic spins and �D is the Dzyaloshinskii-Moriya
vector, which is proportional to the SOC constant and
correlates the positions of two magnetic transition-metal
atoms and a mediating atom [7,8]. In films with PMA, the
DMI may stabilize Néel-type domain walls (N-DWs) because
the resulting vector of ( �S1 × �S2) is parallel to �D. In Bloch-type
DWs and N-DWs in thin films with in-plane anisotropy, this
cross-product is perpendicular to �D and, as a consequence,
EDM is zero (Fig. 2 in [9]). Note that in thin ferromagnetic
films, other interactions can force different domain wall types
even when DMI is present [10].

The chirality of the spin configuration in skyrmions or
skyrmion bubbles (cylindrical domains with uniform mag-
netization arrangements in their centers and spin chiralities
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characterized by winding numbers W = |1|) is determined
by �D. Therefore, research is focused on the strength and
the sign of the Dzyaloshinskii-Moriya constant (D), which
is crucial to control current- or field-driven DW propagation
in multilayers (MLs) characterized by PMA and DMI. Here,
negative D describes clockwise chirality. Very recently, it was
shown that using alternating homogeneous external magnetic
fields, the remote control of skyrmionlike domain propagation
is possible in films characterized by both PMA and DMI due
to the presence of N-DWs [11,12]. This approach opens a
new way to build magnetic memories based on the racetrack
memory principle, where domain positions can be controlled
by alternating magnetic fields [11].

Currently, the most studies are carried out for thin layered
films with two or more interfaces between heavy metals (HM)
and transition-metal ferromagnets (FM) (Table I in Ref. [13])
because the interlayer exchange coupling in metallic ML stacks
can stabilize skyrmion-type domains at room temperature
without external magnetic field [14]. Particular attention has
been paid to asymmetric interfaces (e.g., Pt/Co/Ir), where the
DMI is strongly enhanced [15], if the FM layer is sandwiched
between two different HM layers providing additive chiral
interactions, enhancing the effective DMI ( �Deff ) [16]. It is also
known that using oxides (e.g., MgO) replacing one of the HM
layers increases absolute magnitude of the DMI constant about
1.6 times [15] and enables a DMI strength control by oxide cov-
erage [9]. The interest in layered film system capped by an insu-
lator (e.g., MgO, Al2O3) is motivated by possible future appli-
cations (e.g., magnetic tunnel junctions), where DMI may play
an essential role in the magnetization reversal process [17].
Additionally, the insulator capping layer may be used to tune
magnetization switching by an electric field [18], which
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reduces power consumption in future devices. Therefore, we
have investigated the DMI in a HM/FM/antiferromagnetic
insulator (NiO) layer system, possessing an additional
degree of freedom for magnetic property tuning, namely,
the perpendicular exchange bias in the present case. This
may be particularly important for future racetrack memories
based on magnetic domain wall motion [19], where the
antiferromagnetic (AFM) layer is coupled with the FM
layer through an interlayer exchange bias coupling (IEBC),
which can be used as pinning sites [20] for stabilization and
optimization of the DW movement [19,21].

We show that in an Au/Co/NiO exchange biased layer
system, Néel domain walls are stabilized by DMI. The
chirality and strength of the DMI was determined from
polar magneto-optical Kerr effect (PMOKE) measurements,
where out-of-plane and in-plane magnetic fields (Hz and Hx,
respectively) were applied.

Based on these results and experiments described by Moon
et al. [11], a magnetic field sequence (combination of Hz and
Hx fields) has been established to move a skyrmionic bubble
domain along the x direction over a distance of tens of microns,
indicating a controllable domain motion. Possible applications
of this effect include the transport of properly functionalized
magnetic beads, trapped by the magnetostatic field over the
DWs or domains (in the case where the domain is small in
comparison to the size of the beads), in lab-on-a-chip devices
[22–25]. This phenomenon can be applied to fluid mixing
by moving particles [26] or in data storage based on shift
registers [27].

II. EXPERIMENTAL DETAILS

Uniform buffer/Au/Co-tCo/NiO/Au layer systems were
prepared in a multichamber system with base pressure below

2 × 10−8 mbar. Various Ti/Au buffers on naturally oxidized
Si substrates ensured perpendicular anisotropy of the Co layer
[28]. The Ti, Au, and Co layers were deposited by magnetron
sputtering in Ar atmosphere at pAr = 1.4 × 10−3 mbar and
the NiO layer was deposited using pulsed laser deposition in
an oxygen atmosphere at pO = 1.5 × 10−5 mbar for correct
stoichiometry [29]. All layers were deposited at room tem-
perature. The deposition processes were realized in separate
vacuum chambers and samples were transferred between
them without breaking vacuum conditions. The samples were
deposited in an external magnetic field of Hdep = 1.1 kOe,
oriented perpendicularly to the sample plane, to initialize the
perpendicular IEBC between the Co and the NiO layers [30].
The role of the direction of IEBC on the spin chirality at the
interfaces of the system has been investigated for two different
field-cooling (FC) processes performed in N2 atmosphere from
373 K down to room temperature (RT) in HFC+ = +5 kOe and
HFC− = −5 kOe, applied perpendicularly to the sample plane.
Local hysteresis loops were measured using a PMOKE magne-
tometer with a laser spot diameter of ∼0.3 mm. Images of the
magnetic domains were recorded using a PMOKE wide micro-
scope. Note that for hysteresis loop measurements the magnetic
field was swept and for the domain observations it was applied
in pulses causing small differences between switching fields
determined by both methods. X-ray photoelectron spec-
troscopy (XPS) measurements were carried out in a separate
UHV chamber using a nonmonochromatic Al Kα (1.486 eV)
x-ray radiation source and a hemispherical electron energy
analyzer. Pass energies of 50 (survey spectra) and 20 (regions)
eV were applied. The exact binding energies were determined
by shifting the spectra with respect to the C 1s peak at 284.8 eV
[31], which is related to ambient exposure contamination.
The spectra were fitted using the CasaXPS software (Casa

FIG. 1. (a) X-ray photoelectron survey spectrum of the Ti-4 nm/Au-60 nm/Co-2 nm/NiO-10 nm sample recorded using Al Kα x-ray
radiation. Region x-ray photoelectron spectra for (b) Ni 2p and (c) O 1s.
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Software Ltd) using Voigt functions and Shirley background
subtraction. Quantitative analysis was performed by taking
the photoionization cross-section parameters of the respective
elements into account [32]. All measurements were performed
at RT.

III. RESULTS AND DISSCUSION

The XPS survey scan of the Ti-4 nm/Au-60 nm/Co-2
nm/NiO-10 nm sample is shown in Fig. 1(a). The spectrum
revealed the presence of cobalt, nickel, and oxygen in the
sample, as well as carbon related to ambient contamination.
Due to the limited probing depth of XPS, which is on the
order of a few nanometers, signals originating from Au, Ti,
and Si could not be detected. The quantitative analysis revealed
a Ni(35%)/O(45%)/Co(11%)/C(9%) composition (concentra-
tion given in at. %) of the studied sample.

In order to determine the chemical state of the main
elements, we fitted the Ni 2p and O 1s regions [shown in
Figs. 1(b) and 1(c), respectively] and analyzed the binding
energy shifts of the fitted components. The Ni 2p region was
fitted with six components. Two main peaks, centered at 853.4
and 871.1 eV [33], indicated the presence of nickel in the Ni2+

oxidation state. This was further confirmed by the presence
of two characteristic satellite peaks centered at 860.5 and
879.0 eV [34]. Following the approach of Grosvenor et al. [35],
we also added two additional components in order to level the
valleys between the main peaks and the satellites. According to
Hagelin-Weaver et al., these additional peaks can be attributed
to the interband losses [36,37].

The O 1s region was best-fitted with two components:
The high-intensity peak (approximately 70% of the total
oxygen content) was centered at around 529.3 eV and assigned
to originate from NiO [33]. The low intensity component,
centered at 531.1 eV, was assigned to originate from surface
adsorbates (e.g., CO on NiO [38]). Taking into account the
amount of oxygen originating from NiO, the total amount of
nickel in the sample, and the fact that all the nickel was in the
Ni2+ oxidation state, the results proved that our pulsed laser
deposition procedure ensures stoichiometry [29] and therefore
the antiferromagnetic phase of the NiO layer at RT.

Figure 2 shows the PMOKE hysteresis loops for the
as-deposited (Ti-4 nm/Au-4 nm)5/Co-0.54 nm/NiO-10 nm/

Au-2 nm ML and after the FC processes. In all cases, a
rectangular hysteresis loop proves PMA and that magnetiza-
tion reversal takes place by domain nucleation followed by DW
propagation, which will be discussed in detail below. The shift
of the hysteresis loop center from zero field reveals the presence
of IEBC between the Co and NiO layers. In our case, this shift is
opposite to the direction of the magnetic field applied during
the deposition or the FC process (Fig. 2). The possibility to
investigate samples with a different direction of IEBC [positive
or negative exchange bias (HEB)] opens a way to investigate a
possible correlation between DMI and IEBC.

For the current thin film, the DW propagation caused by
pulses of Hz applied simultaneously with a constant Hx field
was systematically investigated for different signs of HEB. The
field-induced DW displacements were recorded using PMOKE
microscopy and the results for an as-deposited sample are
shown in Fig. 3. For nucleation of an initial bubble domain,

FIG. 2. PMOKE hysteresis loops measured for (Ti-4 nm/Au-
4 nm)5/Co-0.54 nm/NiO-10 nm/Au-2 nm ML in the as-deposited
state deposited in an external magnetic field ofHdep = 1.1 kOe (black)
and after FC in HFC+ = 5 kOe and HFC− = −5 kOe (blue and red,
respectively). For each loop, HEB is marked.

the sample has been magnetically saturated by a field pulse of
Hz = −2000 Oe (2000 Oe) for 1 s followed by a field pulse of
Hz = +275 Oe (−330 Oe) for 1 s. The corresponding PMOKE
microscope images in remanence have been taken as reference
images and are not shown in Fig. 3, but the originally nucleated
domains are marked by a pink arrow in the difference images.
The reference image showed only one nucleated domain, but
as can be seen in the difference images of Fig. 3, more domains
are nucleated in the course of the experiments. We will now
focus on the evolution of the originally nucleated domain when
a static in-plane magnetic field of Hx = 900 Oe (−900 Oe) is
applied together with a sequence of perpendicular to plane
magnetic field pulses Hz of +275 Oe [Figs. 3(a) and 3(b)] and
of −330 Oe [Figs. 3(c) and 3(d)] for 1 s each. After each pulse,
a PMOKE microscope image has been taken in remanence and
the differences to the respective reference images after the first
four pulses of Hz are displayed in Fig. 3. Note that using the
same Hz field pulses as for the initial nucleation, the domain
slightly expanded, enabling to observe the domain evolution.
For a domain nucleated by the field pulse in +z direction, a
static applied magnetic field in +/− x direction results in an
anisotropic expansion of the domain with preference for the
+/− x directions, respectively, or in other words results in a
shift of the domain’s center in +/− x direction, respectively.
However, that was only observed when the magnetization
inside the domain was oriented up (positive Hz field pulses)
[Figs. 3(a) and 3(b)]. For a reversed orientation of magnetiza-
tion in the center of the domain (negative Hz field pulse), the
domain expands in the opposite direction [Figs. 3(c) and 3(d)].
The asymmetric expansion of the domain in +/− x direction is
caused by the additional Zeeman energy induced by the applied
constant in-plane field Hx. The N-DW energy is lower for a
magnetic field parallel to the resultant magnetization inside
the DW (DW1) and higher for antiparallel alignment (DW2).
Because the DW speed depends on the DW energy [39,40], a
skyrmionlike domain expands anisotropically in the presence
of a combination of Hz and Hx magnetic fields (Fig. 3).
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FIG. 3. PMOKE difference images of the domain evolution for the (Ti-4 nm/Au-4 nm)5/Co-0.54 nm/NiO-10 nm/Au-2 nm ML in
combined constant in-plane field [(a), (c) Hx = −900 Oe and (b), (d) Hx = 900 Oe] and perpendicular to plane field pulses (� t =
1 s) [(a),(b) Hz = +275 Oe and (c), (d) Hz = −330 Oe] after saturation in (a), (b) Hz = −2000 Oe and (c), (d) Hz = +2000 Oe. Pink arrows
mark the initial position of the nucleated domain. In the lowermost panels, the spin configurations along the yellow lines are schematically drawn.
DW1 and DW2 indicate the N-DW with clockwise chirality, in which the resultant magnetization inside the DW is parallel and antiparallel to
the direction of Hx, respectively.

Our results show that in the Au/Co/NiO system, the spin
configuration in the DW has clockwise chirality (Fig. 3), which
is related to a negative effective DMI constant (Deff ) [8]. Note
that in all investigated cases, the DW1 moves approximately
1.7 times faster than DW2, irrespective whether as-deposited
samples have been used or the samples have been field cooled.
The propagation asymmetry of the domain walls along the x

coordinate in the regime of creep domain wall motion was used
to determine the strength of the interfacial DMI for different
Co layer thicknesses [Fig. 4(a)]. We found that the DW has
clockwise chirality for all Co layer thicknesses [confirmed
also by the monotonic dependence shown in Fig. 4(a)]. For
large tCo (e.g., tCo = 1.1 nm), i.e., in the vicinity of the spin-
reorientation transition from out of plane to in plane, the
DW2 moves only slightly as compared with DW1. To analyze
this behavior, we determined the asymmetry of the domains
expansion by averaging the relative DW displacements x1 and
x2 [see Fig. 4(a)] over a few domains. Because both domain
walls DW1 and DW2 move under the same set of magnetic
field pulses for a defined time (τ ), the ratio x1

x2
describes

the asymmetry of the DWs velocities by a = v1
v2

≡ x1
x2

, where
v1 = x1

τ
and v2 = x2

τ
are the velocities of DW1 and DW2,

respectively [Fig. 4(b), black symbols]. The parameter a is
the ratio of a creep velocities, which can be described by v =
v0 exp[−κ(μ0 Hz)(−1/4)] (v0 is the characteristic speed and κ is
a scaling coefficient) [40]. In using the parameter a to describe
the DW velocity asymmetry, v0 cancels out and therefore the
prefactors (correlation length and attempt frequency) respon-
sible for chiral damping [41] are not affecting our analysis.

This approach also reduces the number of fitting parameters.
The κ can be described [40] as κ = κ0 [σ (Hx)/σ0]1/4, where
κ0 is a scaling constant and σ is the DW energy density,
which is a function of Hx. The σ (Hx) can be described as
σ (Hx) = σ0 + 2KD� − π�μ0MS|Hx + HDMI| for N-DW or
as σ (Hx) = σ0 − (π�μ0MS)2

8KD
(Hx + HDMI)2 for DW, in which

there is no full transformation of the Bloch wall into the N-DW
under Hx [39,40]. Here, MS is the saturation magnetization
(for the Co layer we use the bulk value MS = 1.4 × 106 A/m2

[30]), σ0 is the Bloch wall energy density, KD is the DW
anisotropy energy density, and � is the DW width. Based on
the results for a Au/Co/NiO system [42], we expect strong DMI
and therefore we used the definition of σ (Hx) for an N-DW.
In our fitting procedure we used � = √

A/Keff , and σ0 =
2π

√
AKeff , where Keff = KV + 2KS/tCo. The volume (KV =

−1.06 MJ/m3) and surface (KS = 0.7 mJ/m2) components of
the effective anisotropy (Keff ) were determined in our earlier
work [30]. The value of A = 10 pJ/m was taken from [16,43].
The magnetostatic shape anisotropy term favoring the Bloch
wall is KD = Nx μ0 M2

S/2, where Nx is the demagnetizing
coefficient of the DW described by Nx = tCo ln(2)/(π�) [44].
By using HDMI = Deff

μ0MS�
, where Deff = Ds/tCo, we built the

relation between a and the thickness of the Co layer, which
can be used for fitting our experimental data to obtain the
interfacial DMI constant (Ds). Since the increasing thickness
of the Co layer influences both the Keff (as a consequence
also HC) and Deff , the measurements of the DW propagation
were carried out at different values of Hz and Hx. For different
tCo values, Hz and Hx were selected to expand domains of
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FIG. 4. (a) PMOKE difference images for Ti-4 nm/Au-60 nm/Co-
tCo = 0.6–1.04 nm/NiO-10 nm/Au-2 nm at in-plane field range
−1400 Oe � Hx � −1800 Oe and perpendicular to plane field
pulses range 415 Oe � Hz � 530 Oe (� t = 1 s). (b), (c) Asymmetry
parameter a (for definition see text) of domain propagation versus Co
thickness obtained from PMOKE images (black symbols). Solid lines
represents fitting curve (b) for various Hx and constant Hz and (c) for
various Hz and constant Hx. Inset shows the strength of the effective
DMI constant as a function of the Co layer thickness assuming that
Ds = −1.11 pJ/m (see text).

similar sizes [Fig. 4(a)], which allows to determine the a

parameter. Subsequently, fits were performed, first keeping the
absolute magnitude of pulsed z field and varying Hx [Fig. 4(b)],
then keeping the absolute magnitude of the static x field and
varying Hz [Fig. 4(c)] fitting are performed. Changes of Hz

[Fig. 4(c)] only slightly modify the dependence of a(tCo). More
pronounced changes of a(tCo) are observed with different Hx,
particularly in the range of tCo and Hx, for which v1 is close
to zero. In this range, the relationship a(tCo) shows a local
peculiarity, whose position varies with Hx. For the proposed
procedure, only two parameters Ds and κ0 need to be fitted.
The values of these parameters for the five combinations of
Hz and Hx are shown in Table I. Particularly important is
Ds defining the strength of the interfacial DMI. For a given
Hx range, the change of this parameter does not exceed 10%
of the average Ds = −1.11 pJ/m. Based on this value, the
Deff constant can be calculated for each Co thickness (inset in

TABLE I. List of Ds and κ0 values obtained from fitting for
different Hx and Hz magnetic fields.

Hz Hx |Ds| κ0

(Oe) (Oe) (pJ/m)

1400 1.03 ± 0.05 6.36 ± 0.29
450 1600 1.13 ± 0.05 5.37 ± 0.27

1800 1.11 ± 0.05 5.11 ± 0.40

415 1.13 ± 0.05 5.26 ± 0.26
450 1600 1.13 ± 0.05 5.37 ± 0.27
530 1.13 ± 0.05 6.60 ± 0.28

FIG. 5. PMOKE difference images of the domain evolution af-
ter three positive magnetic field pulses (� t = 1 s) of (a) Hz =
275 Oe,(b) Hz = 250 Oe,(c) Hz = 420 Oe with Hx = −900 Oe for
(a) as-deposited state (this is the same domain structure as in Fig. 3
after third Hz pulse, (b) FC+, and (c) FC− processes. The rings mark
the initial position and shape of the domain.

Fig. 4). The obtained values of Ds and therefore Deff are close
to that found for asymmetric magnetization reversal studied for
triangular microstructures from the same Au/Co/NiO layered
system [42].

To investigate the influence of the different IEBC directions
on the chirality of the DW, the same PMOKE recording
procedure was applied for samples subjected to FC+ and FC−

processes (Fig. 5). After FC+ and FC− the asymmetric domain
evolution along the x direction appears in the same way as for
the as-deposited sample (Fig. 5). This indicates that the FC
process does not change the chirality of N-DW (the sign of
the DMI), although the system exhibits the opposite IEBC
direction after FC+ and FC−. As the velocity ratio of the
DW movement is almost the same for as-deposited and FC
samples, we conclude that the DMI is independent of IEBC,
which is in good agreement with our previous paper [42]. Note
that the nucleation of the reversed domain appears at different
values of the negative and positive magnetic field pulse for
the as-deposited state and after FC, which is related to the
IEBC between the antiferromagnet (NiO) and ferromagnet
(Co) films. These experiments prove the coexistence of both
the EB effect and the DMI, which previously was only

FIG. 6. PMOKE difference images of domain movement after
five (a)–(e) cycles of alternating magnetic field (Hx = +900 Oe,
Hz = +300 Oe and Hx = −900 Oe, Hz = −300 Oe) pulses (�t =
1 s) after nucleation of the initial domain with Hz = +300 Oe.
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theoretically predicted for the IrMn/Co system [45]. Moreover,
our experiments indicate that although both IEBC and DMI are
interfacial effects, they can be tuned independently.

For the discussion of this result, we have to consider that
the Co layer is sandwiched between Au and NiO(CoO) and
therefore experiences additive interfacial DMI [16] related
to the two interfaces Au/Co and Co/NiO(CoO). In view of
a theoretical calculation predicting a rather weak negative
value of DMI for Au/Co [8] and a strong positive one for
Co/(nonmagnetic oxides) interfaces [15,46], our value and
its sign are quite surprising, particularly, in view of recent
experimental findings, confirming a weak negative value of
DMI for Au/Co interface [47]. The large negative value of DMI
may therefore only originate from the Co/(CoO)NiO interface,
where the spins from the AFM additionally contribute to �Deff .
Note that a strong exchange interaction at the interface between
very thin CoO and a thick NiO forces the orientation of the
magnetic moments in CoO to follow the orientation of the
NiO spins, being responsible for the reduction of the Néel
temperature. We do not expect that the ultrathin CoO layer
remarkably decreases the Néel temperature of NiO since the
Néel temperature of thick NiO in the present stoichiometry is
equal to 525 K. Indeed, at RT we found shifted hysteresis loops
in the PMOKE measurements indicating the presence of EB
and proving AFM ordering of CoO/NiO at RT. We suggest that
this additional contribution to DMI comes from the interaction
between Ni(Co) (from AFM layer) and Co (from FM layer)
atoms mediated by the oxygen atoms. This interaction should
be negative and large because it has to overcome the positive
contribution to DMI arising from Co(FM) and O atoms [15,46].
Such a system with DMI has not been discussed yet, neither
theoretically nor experimentally.

To show that the present thin film system can be used
as a medium for a bubblecade or racetrack memory using
field-induced domain movement, we controlled the position
of the magnetic domains by a sequence of external magnetic
field pulses in analogy to the method presented by Moon
et al. (Fig. 2 in Ref. [11]). Using a magnetic field sequence
of Hx = +900 Oe, Hz = +300 Oe and Hx = −900 Oe, Hz =
−300 Oe, a domain can be controllably moved. We were able
to move the domain over a distance of tens of microns after

five cycles of magnetic field pulses [Figs. 6(a)–6(e)] with a
position precision of a few microns. Here, the negative Deff

forces clockwise chirality of N-DWs, the movement direction
of the nucleated domain is parallel to the direction of Hx, when
the first pulse +Hz is applied. When the same field sequence
is applied to a layered system with opposite chirality of the
magnetization inside the DWs (opposite sign of Deff ), the
domain will propagate in the opposite direction. Additionally,
the direction of motion is opposite to the reversed polarity of
the domains [compare Figs. 3(a) with 3(c) and 3(b) with 3(d)].
In summary, our fundamental findings open a way to control
the domain movement. With this method, we expect that the
use of magnetic fields oriented along x,y,z coordinates allows
to move domains either way between desired positions within
a surface plane.

IV. CONCLUSIONS

To conclude, we found that domain walls in an exchange
biased Au/Co/NiO polycrystalline film possess clockwise
chirality of their magnetic moments arrangement in N-DWs
independent of the direction of IEBC. We have shown that the
relation between asymmetric DW propagation and Co layer
thickness can be used to determine the strength of interfacial
DMI. Using this method, we correlated the clockwise chiral-
ity with a strong negative interfacial Dzyaloshinskii-Moriya
interaction (Ds = −1.11 pJ/m). We demonstrated that due to
this spin configuration in DWs the domain propagation can
be controlled with high precision by homogeneous external
magnetic fields simultaneously applied out of plane and in
plane. This concept can be attractive for many applications
based on field-induced domain motion, especially in systems
where exchange bias is required.
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[42] P. Kuświk, M. Matczak, M. Kowacz, F. Lisiecki, and F. Stobiecki,
arXiv:1703.05394.

[43] D.-S. Han, N.-H. Kim, J.-S. Kim, Y. Yin, J.-W. Koo, J. Cho, S.
Lee, M. Kläui, H. J. M. Swagten, B. Koopmans et al., Nano Lett.
16, 4438 (2016).

[44] S. Tarasenko, A. Stankiewicz, V. Tarasenko, and J. Ferréb,
J. Magn. Magn. Mater. 189, 19 (1998).

[45] R. Yanes, J. Jackson, L. Udvardi, L. Szunyogh, and U. Nowak,
Phys. Rev. Lett. 111, 217202 (2013).

[46] O. Boulle, J. Vogel, H. Yang, S. Pizzini, D. de Souza Chaves,
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