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Reliance on data storage devices has become an increasingly prevalent part of the
modern knowledge-sharing society in the digital era. One way to overcome the speed
and density limitations of existing memory devices based on ferromagnets (FMs) is to
shift the paradigm from using FMs towards antiferromagnets (AFMs). AFMs have
increased information density and reading/writing speed capabilities due to the
presence of magnetic microscopic ordering, but absence of net macroscopic
magnetization. The latter property, however, makes reading/writing AFMs notoriously
difficult and prevents AFMs from widespread application.
A solution for the AFM reading challenge based on optical methods [1] is a promising
candidate, since it bridges the gap between spintronic storage applications and photonic
communication solutions. In this work, opto-electric imaging techniques are investigated
on microstructured devices of thin film magnet/heavy metal bilayers, which enable the
electrical detection of the magnet’s ordering parameter when locally excited by a laser
pulse. It is demonstrated experimentally (Figure 1) that this method can be used to
read the magnetic state of the ferrimagnet yttrium iron garnet (YIG). The same
experiments on the AFM NiO are inconclusive, complicated by the presence of parasitic
artifacts. With simulations (Figure 2) it has been confirmed though that a spatially
varying Seebeck coefficient dependent on the device geometry is capable of reproducing
the experimental data. It is furthermore argued that the sidewall roughness of the
devices could be responsible for the variation of the Seebeck coefficient [2].

Figure 1: Domain pattern obtained by
opto-electric imaging on a YIG/Pt sample
in zero-field conditions, with red and blue
regions corresponding to 180◦ domains.

Figure 2: Comparison of measurement data
from opto-electric imaging on Pt/NiO with
simulation data, assuming a spattialy vary-
ing Seebeck coefficient.

[1] I. Gray, T. Moriyama, et al., Phys. Rev. X, vol. 9, 4 2019.
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Magnetic skyrmions, topological spin textures appearing as quasi-particles in thin
magnetic films, are considered promising candidates for the implementation of
probabilistic computing devices since they respond strongly nonlinear to external
stimuli and feature inherent multiscale dynamics [1].
The implementation of such reservoir computing relies on thermal excitation of the
magnetic skyrmions within thin films exhibiting pinning due to sample defects [2]. The
combination of skyrmion diffusion and current-induced motion has been shown to be
useful in Brownian reservoir computing devices [3] and other probabilistic computing
applications. As large sample-specific defects create spatial bias in such systems, a
depinning procedure is needed for a space-independent motion.
To reach a regime of near free diffusion, we propose and experimentally demonstrate
depinning applying alternating electric and magnetic fields to the sample. In particular,
we show that the energy landscape is effectively flattened and diffusion is drastically
enhanced for sufficient excitation. This effect can therefore be useful to reduce pinning
effects and thus accelerate non-conventional computing devices as well as to lower
thresholds for current-induced skyrmion motion due to smaller pinning effects.

a) b) c)

Figure 1: Skyrmion localisation probabilities. Kerr microscopy images of a thin mag-
netic film with multiple skyrmions (dark grey) (a). b) shows exemplary the probability
density of finding a skyrmion at a certain location without, d) with strong excitation for
a measurement time ∆t = 60s.

[1] D. Prychynenko, M. Sitte, et al., Physical Review Applied, vol. 9, no. 1, 31, 2018.

[2] R. Gruber, J. Zázvorka, et al., Nature Communications, vol. 13, no. 1, 6, 2022.

[3] J. Zázvorka, F. Jakobs, et al., Nature Nanotechnology, vol. 14, no. 7, 2019.
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Voltage control of magnetic properties in spintronic devices is the device-compatible 

and energy-efficient way for future storage applications [1]. This approach can be realized with 

the advantages of a synthetic antiferromagnet (SAF) system, which provides higher thermal 

stability and a wide dynamic range, e.g. high domain wall velocities for nearly compensated 

SAFs [2] when integrated into MRAM devices.  

To realize an effective voltage-controlled spintronic device, we have grown a SAF thin 

film material stack by magnetron sputtering consisting of two ferromagnetic layers coupled by 

a non-magnetic spacer layer via the Ruderman-Kittel-Kasuya-Yosida (RKKY) interaction. A 

thermodynamically stable skyrmion state at elevated temperatures is achievable in this stack 

[3]. With room temperature voltage-controlled magneto-ionic effects, we focus on the 

modulation of the magnetic properties in this system, i.e., the control of the compensation ratio, 

the perpendicular magnetic anisotropy, and the antiferromagnetic RKKY coupling strength. 

[1] T. Nozaki et al., Micromachines 10(5), 327 (2019). 

[2] Y. Guan et al., Nat. Commun. 12, 5002 (2021). 

[3] T. Dohi, et al., Nat. Commun 10, 5153 (2019). 
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Two types of spin-orbit couplings, Rashba-type and Dresselhaus-type [1], are known to appear in two-
dimensional electron systems formed in semiconductor heterostructures. By combining these two spin-orbit 
couplings, some characteristic spin-related phenomena, such as persistent spin helix states [2], appear. 
Although spin injection into systems with Rashba spin-orbit coupling has been studied [3], there have been 
few studies on the coexistence of Rashba and Dresselhaus type spin-orbit couplings. 
  In our study [4], we considered a junction composed of a ferromagnetic insulator and a two-dimensional 
electron gas (2DEG) with these two types of spin-orbit couplings and studied a situation in which a spin 
current is injected into the 2DEG by irradiating microwaves to the ferromagnetic insulator (FI) (Fig. 1-a). 
The Rashba- and Dresselhaus-type spin-orbit couplings induces an anisotropic effective magnetic field 
acting on the electrons (Fig. 1-b). Our calculations show that the magnitude of the Gilbert damping 
enhancement depends on the angle of magnetization in the FI, reflecting this property (Fig. 1-c). 
Furthermore, a closer look at this magnetization angle dependence shows that in the low (high) frequency 
range, the magnitude of the increase in Gilbert damping is largest when the effective magnetic field and the 
magnetization in the FI are perpendicular (parallel) (Fig. 1-c). This means that elastic (spin-flip) processes 
are dominant on the low (high) frequency side. These results suggest that the observation of the 
magnetization angle dependence of the Gilbert damping enhancement can provide information on the spin 
texture on the Fermi surface of the 2DEG. 

 
Figure 1: (a): Setup. (b): Effective magnetic field produced by spin-orbit couplings. a and b are constants 
indicating the magnitudes of the Rashba-type and Dresselhaus-type spin-orbit couplings. 
(c): Results. Increase in Gilbert damping (vertical axis) as a function of microwave energy (horizontal axis) 
and the angular dependence of the magnetization in the x-y plane in a ferromagnetic insulator (q).  

[1] R. Winkler, Springer Tracts in Modern Physics; Springer: 2003; Vol. 191.  
[2] B. A. Bernevig, et al., Phys. Rev. Lett. 97, 236601 (2006). 
[3] H. Nakayama, et al., Phys. Rev. Lett. 117, 116602 (2016). 
[4] M. Yama, M. Tatsuno, T. Kato, and M. Matsuo, Phys. Rev. B 104, 054410 (2021). 
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The phenomenon originating from spin-orbit coupling (SOC) provides energy-efficient strategies for 

spin manipulation and device applications[1]. The broken inversion symmetry interface and resulting 

electric field induce a Rashba-type spin-orbit field (SOF), which has been demonstrated to generate 

spin-orbit torque for data storage applications. The low symmetry of 2D materials provides new 

possibilities for efficient spin manipulation[2]. In this study, we found that spin flipping can be achieved 

by the valley-Zeeman SOF in monolayer WSe2 at room temperature, which manifests as a negative 

magnetoresistance in the vertical spin valve[3]. Quantum transmission calculations based on an 

effective model near the K valley of WSe2 confirm the precessional spin transport of carriers under the 

giant SOF. In particular, the valley-Zeeman SOF-induced spin dynamics was demonstrated to be 

tunable with the layer number and stacking phase of WSe2, which provides a novel strategy for spin 

manipulation and can benefit the development of ultralow-power spintronic devices.  

  

  

Reference:  

[1] A. Manchon et al., NAT MATER 14, 871 (2015).  
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The recently discovered layered Kagome metals AV3Sb5 (A = K, Rb, Cs) exhibit a unique 

combination of nontrivial band topology, competing for the charge- and superconducting orders with 

clear signatures of electron correlations. Using magnetization, resistivity, thermal expansion, 
magnetostriction and heat capacity, we have investigated the normal- and superconducting-state 

properties of single crystals of the kagome superconductor CsV3Sb5. The magnetization and 

magnetostriction data show clear signatures of quantum oscillations with at least two distinct 

frequencies.  These are much less evident in the heat capacity.  Combining the results from these 

thermodynamic probes and transport measurement, we discuss the nature of the Fermi surface and 

the interplay between the charge order and superconductivity.   
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The manipulation of the interfacial magnetic anisotropy via an electric field is an active field of 

research, as it is a promising route toward the realisation of low-power spintronic devices. The largest 

effects of an electric field on the perpendicular magnetic anisotropy (PMA) have been obtained by 

triggering the migration of ionic species across a dielectric layer toward or away from a ferromagnet-

oxide interface [1]. This magneto-ionic effect leads to a nonvolatile modification of the magnetic 

properties, as opposed to the volatile effect obtained by electron accumulation or depletion.   

We will first present the effect of the gate voltage on the magnetic anisotropy of a series of 

Pt/Co/MOx (M=Al, Tb) trilayers. In these trilayers, both Co interfaces contribute to the PMA and the 

contribution at the Co/MOx interface strongly depends on its oxidation state. The trilayers are covered 

with a high-k ZrO2 or HfO2 dielectric layer, acting as an oxygen ion conductor, and with micrometer-

size Pt electrodes.   

The application of a negative/positive voltage triggers the migration of oxygen ions 

towards/away from the Co/MOx interface, leading to a local modification of the magnetic anisotropy. 

The PMA can be modified locally, so that under the electrodes the magnetisation easy-axis can be 

changed from out-of-plane (OOP) to in-plane (IP) in a reversible and nonvolatile way. Starting from a 

OOP saturated state, magnetic textures such as stripe domains or skyrmion bubbles can be stabilised by 

the gate voltage [2,3] (Figure 1(a,b)).  

In a second set of experiments, we studied the effect of the gate voltage on the fielddriven 

dynamics of chiral Néel walls in ferrimagnetic Pt/Co/Tb trilayers. We will show that a negative gate 

voltage leads to the partial oxidation of the Tb layer, and as a consequence to a  

variation of the effective magnetisation, the PMA and the interfacial Dzyaloshinskii-Moriya 

interaction (DMI). The variation of these magnetic parameters is at the origin of a huge variation of the 

domain wall (DW) velocity. For large magnetic fields, the DW speed varies from 10 m/s in the pristine 

state to 225 m/s after gating [4] (Figure 1(c)). 

  
Figure 1: (a) polar Kerr hysteresis loops for Pt/Co/TbOx before and after application of negative gate 

voltage; (b) MFM images showing the reversible change between OOP saturated state and stripe 

domains plus skyrmion bubble state with gating (c) DW speeds in Pt/Co/Tb before and after gating. In 

both cases a ZrO2 ionic conductor was used as dielectric layer.   

[1] C. Bi et al. Phys. Rev. Lett. 113, 267202 (2014).   

[2] A. Fassatoui et al. Phys. Rev. Appl. 14, 064041 (2020).  

[3] A. Fassatoui et al. Small 210242 (2021).  

[4]Balan et al.  Phys. Rev. Appl. 18, 034065 (2022) 
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Antiferromagnetic materials (AFM) are gaining increasing interest in the recent years because of their high 

potential for new spintronic devices with very high bit packing densities and ultrafast dynamics. [1]  PtMn 

is widely used, especially for pinning layers in magnetic devices. [2] It has a CuAu-I type structure with a 

high bulk Néel temperature of 975 K. [3] THz spin dynamics [4] and periodic chiral structures [5] were 

predicted in PtMn. However, to use it as the active layer of spintronic devices, the first crucial step is to 

read out its magnetic state. This was achieved now by imaging the domains with x-ray magnetic linear 

dichroism (XMLD) photoemission electron microscopy (PEEM) (see Fig. 1 b). Additionally, the average 

domain size was determined for PtMn films of 40 nm thickness on MgO (001) from a Fast Fourier transform 

(FFT) of the XMLD images. It showed a distinct ring, corresponding to an average domain periodicity of 

approximately 700 nm (see Fig. 1 c).   

 

     
 

 

 

 

 

 

 
  

Figure 1: (a) Crystal structure of PtMn from [6]. The blue arrows indicate a possible spin orientation.  

(b) Domain structure of MgO (001)/ PtMn (40 nm)/ Al (1.6 nm), imaged with XMLD PEEM at 639.9 eV. 

The contrast was obtained from the difference between the linear horizontal (LH) and linear vertical (LV) 

polarization as (LH – LV)/(LH + LV). (c) Fast Fourier transform (FFT) of the XMLD image in (b). 

 

 

[1] V. Baltz et al., Rev. Mod. Phys. 90, 015005 (2018). 
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[3] L. Pál et al., J. Appl. Phys. 39, 538 (1968). 
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Pt 

Mn 

(a) (b) (c) 

1 µm 2π/ 0.7 µm 

 13.10.2022, Thursday                                                                 53                                                              13.10.2022, Thursday



A micromagnetic theory of skyrmion lifetime in ultrathin 

ferromagnetic films 

Anne Bernand-Mantela , Cyrill Muratovb,c  and Valery Slastikovd 

a Laboratoire de Physique et Chimie des Nano-Objets, UMR 5215, INSA, CNRS, UPS, Université de 

Toulouse, 135 Avenue de Rangueil, 31077, Toulouse Cedex 4, France 

b Department of Mathematical Sciences, New Jersey Institute of Technology, Newark, New Jersey, 

07102, USA 

c Dipartimento di Matematica, Università di Pisa, 56127 Pisa, Italy 

d School of Mathematics, University of Bristol, Bristol BS8   1TW, United Kingdom 

Email: bernandm@insa-toulouse.fr 

 

Magnetic skyrmions are a characteristic example of topological solitons existing at nanoscale. While the 

fundamental object for applications is an individual skyrmion in a homogeneous ferromagnetic 

environment, for topological reasons it cannot be created or annihilated by a continuous transformation 

from the ferromagnetic state. This transition is however enabled by the discrete nature of the condensed 

matter as observed experimentally. The detailed physical mechanisms of skyrmion annihilation have been 

investigated at the nanoscale using atomic spin simulations combined with methods of finding the minimum 

energy path and harmonic transition state theory. However, there are limitations to the atomistic 

simulations. First, they are computationally expensive, which limits the accessible skyrmion sizes (usually 

below 5 nm in diameter) and the physical parameter ranges that can be explored. Second, the obtained 

results depend on the microscopic details that are not necessarily known or controlled in the case of 

nanocrystalline systems. Under these circumstances, there is clearly a need for a more coarse-grained theory 

that would provide universal relations between the skyrmion lifetime and the material parameters. 

Moreover, it is reasonable to expect that under many physically relevant conditions the microscopic details 

do not play a dominant role for fluctuation-driven skyrmion collapse. 

We will present a theory of skyrmion lifetime based on the continuum field theory and derive the 

expressions for both the energy barrier and the attempt frequency as functions of all the material parameters 

[1]. Starting with the stochastic Landau-Lifshitz-Gilbert partial differential equation, we first derive several 

integral identities associated with the fundamental continuous symmetry groups of the exchange energy. 

Then, in the exchange dominated regime, we carry out a finite dimensional reduction of the stochastic 

skyrmion dynamics and obtain a system of stochastic ordinary differential equations for the skyrmion radius 

and angle. Finally, in the small thermal noise regime we use the obtained equations to calculate the 

Arrhenius rate, including the prefactor, by interpreting the skyrmion collapse event as “capture by an 

absorber” for the skyrmion radius at the atomic scale. 

 

[1] A. Bernand-Mantel, C. Muratov and V. Slastokikov, A micromagnetic theory of skyrmion lifetime in ultrathin 

ferromagnetic films   PNAS 119 e2122237119 (2022) 
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Antiferromagnetic materials are a potentially promising avenue with regard to spintronic applications – 

with no overall magnetic moment, they are insensitive to magnetic perturbations, and hence offer robust 

magnetic storage possibilities. Their ultrafast magnetisation dynamics also suggest ultrafast magnetic 

storage devices may be feasible. However, the overall zero magnetisation and the insensitivity to magnetic 

fields makes probing the magnetic state of such materials more challenging. Two electrical methods have 

been demonstrated: the spin Hall magnetoresistance (SMR) and the spin Seebeck effect (SSE). In both of 

these effects the spin-to-charge conversion is achieved in an adjacent Pt thin film via the inverse spin Hall 

effect. In this work we characterise these two effects simultaneously in the same 𝛼−𝐹𝑒2𝑂3(0001)/Pt bilayer 

below the Morin transition. We use lock-in detection, where the 1st and 2nd harmonics measure 

respectively the SMR and the SSE.  

 

 
 

 

 

a) Schematic of magnetic moment directions within different 

layers of hematite unit cell above and below the Morin 

Transition. b) Phase diagram for hematite – for fields applied 

both along and perpendicular to the easy axis (𝑻 < 𝑻𝒎), there is 

a spin flop transition, the latter of which is a consequence of the 

DM interaction observed in Hematite. c) Setup used in this 

experiment – 1st and 2nd Harmonic Voltages can be determined 

simultaneously using a lock in amplifier.  

 

a) Example of 1st Harmonic Lock In Data acquired (𝑯 ⊥ [𝟎𝟎𝟎𝟏]), 

with predicted fit  obtained using SQUID data shown. b) Example 

of 2nd  Harmonic Lock In Data acquired (𝑯 ∥ [𝟎𝟎𝟎𝟏]). c) 

Demonstrating compatibility between Spin Flop Transition fields 

acquired via SQUID, SMR and SSE measurements.  
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Ultrafast laser-induced heating of ferrimagnetic iron garnet in external magnetic field 

triggers magnetization precessional dynamics with very large amplitude. In particular, the 

studied sample is Lu substituted ferrimagnetic iron garnet film (Bi,Lu)3(Fe,Ga,Al)5O12. 

Magnetic properties of the compound are defined by the spins of Fe3+ ions in the octahedral 

and the tetrahedral sites, which form two nonequivalent antiferromagnetically coupled spin 

subattices, respectively [1]. In our study we employed pump-probe technique, where pump 

pulse with the central wavelength 625 nm was focused (d = 100 μm) on the sample. Unfocused 

800 nm probe pulse was delayed from pump up to 8 ns and produced the magneto-optical image 

of the sample. Such a pump pulse heats up the sample reducing the anisotropy field and thus 

resulting in magnetization precession around new equilibrium orientation. The dynamics is 

studied as a function of magnetic field, laser fluence and sample temperature. Exploring the 

whole space of parameters, we identify the conditions for which the amplitude of the precession 

is high enough to achieve heat-assisted magnetic recording. Figure 1 shows the magnetization 

changes obtained with the CCD camera in 8 ns after the lattice was excited with femtosecond 

laser pulse. It is seen that the dynamics of the largest amplitude is achieved either at high fields 

and low temperatures or at high temperature and low fields. We propose a model that can 

explain these results. 

 

 250 K 275 K 292K 

 

3
.4

 k
O

e 

   

3
.0

 k
O

e 

   

2
.5

 k
O

e 

   
 

The photographs are representing magnetic state of the system (left). Phase diagram of the 

pump-induced magnetization switching (right). 

 
[1] V.J. Fratello, S.E.G. Slusky, et al., Journal of Applied Physics 60, 2488 (1986) 
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We present the results of a comprehensive investigation of electric and thermal transport properties of 

polycrystalline Bi substituted La0.95-xBixSr0.05CoO3 for 𝑥 = 0, 0.1 𝑎𝑛𝑑 0.2 (LBSCO-0, 1 & 2). The electrical 

resistivity reflects the semiconducting nature with interesting n-type to p-type transition ~ 52K for LBSCO-

1 and LBSCO-2 samples. The substitution of higher atomic weight elements Bi at La site drastically affects 

overall thermal conductivity by reducing the lattice contribution (𝜅 ~ 0.12W/m-K at 𝑇 = 50K) and also 

enhance the Seebeck coefficient (S ~ 354𝜇𝑉/𝐾). The increase in the resistivity and Seebeck coefficient for 

Bi-substituted system is related to the decrease in the available charge carrier concentration (~ 5.12 × 

1020/𝑐𝑚3). The phonon mediated charge transport via phonon drag effect below 50K and a large increment 

in ZT ~0.17 at RT for LBSCO-2 composition has been observed that is 1-order larger to pristine undoped 

LBSCO-0 and even higher to the other existing cobaltite’s-based thermoelectric choice [1,2].  

Keywords: Seebeck coefficient, thermal conductivity, heat capacity, thermoelectric, oxide, electron-

phonon coupling  
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The understanding and control of magnetic structures is essential for the development
of novel applications in several areas such as biomedicine, data storage, microwave
technologyn [1]. Cylindrical nanowires offer an alternative to nanostripes due to
geometry induced effects such as the suppression of the Walker breakdown [2].
Cylindrical geometry stabilizes a number of novel magnetic textures such as Bloch
Point Domain Walls (BPDW) and vortex and skyrmion tubes. Especially interesting
are the modulated cylindrical nanowires with variation in magnetization or diameter
since complex configuration can be found [3]. In this work, the magnetization reversal
process of a cylindrical nanowire modulated in diameter is investigated by Variable
Field Magnetic Force Microscopy (VF-MFM) and non-standard 3D mode imaging
techniques [4]. These results will be compared with the previous Magneto-Optical Kerr
Effect (MOKE) measurements [5] and the preliminary studies using Photo Emission
Electron Microscopy and X-ray Magnetic Circular Dichroism (PEEM-XMCD)
techniques. The experimental results, together with micromagnetic simulations reveal a
complex magnetization reversal process, mediated by the thin segment and the
formation of a vortex tube in the thick segment.

[1] M. Vázquez, in Magnetic nano-and microwires: design, synthesis, properties and
applications, 2015.

[2] R. Hertel, in Spin, World Scientific, vol. 3, 2013.

[3] C. Bran, J. A. Fernandez-Roldan, et al., Nanomaterials, vol. 11, no. 3, 2021.

[4] M. Jaafar, L. Serrano-Ramón, et al., Nanoscale research letters, vol. 6, no. 1, 2011.

[5] J. Garćıa, J. A. Fernández-Roldán, et al., Nanomaterials, vol. 11, no. 11, 2021.
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The migration towards the new generation of memory and logic devices can potentially be influenced by
our understanding and ability to control domain wall (DW) dynamics at the nanoscale [1,2]. At the same
time, light-matter interaction holds the key to the fastest magnetisation processes observed so far. [3] The
application of ultrashort circularly-polarised laser pulses has been seen capable of inducing DW motion
with the Inverse Faraday Effect (IFE) playing one of the most important roles.

The IFE is traditionally modeled as an additional effective field acting in the direction of the light
propagation axis [4] while previous ab-initio work describes it in terms of an induced helicity-dependent
magnetic  moment  or  torque.  [5]  To  understand  its  role  in  driving  DW dynamics,  we  employ  high
temperature micromagnetics based on the Landau-Lifshitz-Bloch equation. [6] Assuming a 180 0 Néel
wall, we induce an initial magnetisation modulus gradient across the DW and explore the possibility to
convert the subsequent longitudinal relaxation of the spins into a translational motion of the Néel wall in
the absence of any additional field, torque or thermal gradient. We show that under the action of the IFE,
the DW displaces to the region where the magnetisation length was reduced, similar to the action of spin-
Seebeck and MCD effects. We compare this method with the field and torque actuation, investigating the
DW displacement and velocity as a function of intrinsic damping and electron temperature.

Our  results  display  the  DW  motion  is  qualitatively  identical  within  the  three  IFE  pictures,
showcasing  the  final  displacement  is  proportional  to  the  electron  temperature  while  an  increase  in
intrinsic damping  leads to an increase of the DW velocity without affecting the final displacement. We
further show how in the presence of the Dzyaloshinskii-Moriya interaction, it is possible to augment the
DW motion and achieve larger as well as faster DW displacements even under the application of one laser
pulse.
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Spin Hall magnetoresistance (SMR) is a magnetoresistance induced by combination of spin Hall effect 
and inverse spin Hall effect in a bilayer system composed of a normal metal (NM) and a magnetic insulator 
(Fig. 1). The SMR has been observed in NM/ferromagnetic insulator (FI) [1] and NM/antiferromagnetic 
insulator (AFI) bilayers [2] and has been attracting much attention as a useful probe of the magnetic states 
in magnetic insulators.  
Although a microscopic theory for SMR has been constructed recently [3], actual calculation of the SMR 

signal was performed only by the spin-wave approximation, which is not applicable to a high-temperature 
region. In this presentation, we show numerical results of the SMR signal using the quantum Monte Carlo 
method which can treat AFI in an unbiased way [4]. We present how the SMR depends on temperature, 
thickness of the AFI layer, the amplitude of the spin, and randomness of exchange interactions. We also 
discuss on comparison with analytic calculation of high temperature expansion. Our work provides a useful 
starting point for interpretation of the SMR measurement on quasi-two-dimensional magnetic compounds. 

 
Figure 1: (a): Setup of SMR. (b): Temperature dependence of the spin conductance for the S=1 on a 
16×16×W cubic lattice (W=2,4,6) and green arrow shows transition temperature by fitting staggered 
magnetization. 

[1] H. Nakayama et al., Phys. Rev. Lett. 110, 206601 (2013). 
[2] D. Hou et al., Phys. Rev. Lett. 118, 147202 (2017). 
[3] T. Kato et al., Phys. Rev. B 102, 094437 (2020). 
[4] T. Ishikawa, M. Matsuo, and T. Kato, arXiv:2208.08096 (2022). 
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Artificially synthesized transition metal oxide based heterostructures (HSs) and interfaces offer 
great potential to functionalize novel quantum states that are otherwise absent in their constituent 
bulk counterparts. The complex interplay between lattice, charge, orbital and spin degrees of 
freedom provides additional knobs to control and manipulate these states. In this regard, a heavy 
metal(semimetal) and a ferromagnetic insulator HSs have recently demonstrated very promising 
results. Here, we report the observation of proximity-induced ferromagnetic state in SrIrO3 (SIO) in 
a HS consisting of SIO, a strong spin-orbit semimetal [1] and LaCoO3 (LCO) [2], a ferromagnetic 
insulator. Insulating LCO allows us to probe magnetism in SIO selectively using magnetotransport 
measurements. We observe anomalous Hall effect, negative magnetoresistance and four-fold 
anomalous magnetoresistance [3], evidencing the ferromagnetic state with (100) magnetic easy axis 
direction.  

                                

 
 

[1] M. A. Zeb and H.-Y. Kee, Phys. Rev. B 86, 085149 (2012). 
[2] D. Fuchs et al., Phys. Rev. B2007, 75, 144402 
[3] A. K. Jaiswal et al., Adv. Mater. 34, 2109163 (2022). 
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The topological Hall effect (THE) provides an efficient way of detecting skyrmions. This work comprises 

a theoretical and computational study of the topological Hall effect [1] in magnetic skyrmions, which are 

formed in ultrathin film Pd/Fe/Ir(111) [2,3]. Employing the non-collinear spin-density-functional theory 

and the full-potential relativistic Korringa-Kohn-Rostoker (KKR) Green function method we investigate 

the scattering properties of electrons off skyrmions. We present calculations of the resistivity and the 

topological Hall angle, which were carried out combining the KKR method with the semiclassical 

Boltzmann transport equation [4]. We discuss the dependence of the topological Hall angle on additional 

electron scattering, modelled as a disorder broadening. The effect of the skyrmion size on the Hall angle is 

also analyzed. Our findings predict that the THE is significantly affected by the degree of disorder of the 

sample, as well as the skyrmion size. 

 
This work was supported by the Hellenic Foundation for Research and Innovation (HFRI) under the HFRI PhD 
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acknowledges the support of Prof. S. Blügel, Forschungszentrum Jülich, and the computer resources and technical 

support provided by HLRS. This work was supported by computational time granted from the Greek Research and 

Technology Network (GRNET) in the National HPC facility – ARIS – under project ID pr009040_thin-TopMagX2. 
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We report on the correlation of structural and magnetic properties of Y3Fe5O12 (YIG) layers deposited on 

Y3Al5O12 substrates using pulsed laser ablation [1]. The recrystallization of YIG on the lattice-mismatched 

substrate can result in different film properties when compared to the high-temperature deposition. 

We observe an unexpected formation of interfacial tensile strain and consequently strain‑induced 

anisotropy contributing to the perpendicular magnetic anisotropy. Moreover, the epitaxial strain has 

a significant impact on FMR linewidth which is significantly increased in comparison to YIG film deposited 

on the Gd3Ga5O12 substrate. Notably, the linewidth dependency on frequency has a negative slope. 

The unusual linewidth behavior is explained within the proposed anisotropy dispersion model. Good 

agreement of experimental findings with theoretical predictions suggests that the anisotropy axis is tilted 

from the film normal and dispersed. We conclude that strain homogeneity plays a crucial role in the 

attainment of narrow FMR linewidths reflecting low magnetization damping of the films. Our findings shed 

new light on the estimation of the Gilbert damping parameter in epitaxial oxide layers that are envisioned 

for spintronic and magnonic applications. 

 

 

 
Figure 1: Interrelation between structural and magnetic properties in Y3Fe5O12 / Y3Al5O12. 

 

 

[1] A. Krysztofik, S. Ӧzoğlu, R. D. McMichael, E. Coy, Scientific Reports, 11:14011, 2021. 
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Mn2RuGa is a half metallic compensated ferrimagnet with perpendicular magnetic anisotropy
that displays interesting properties for spintronics such as a low net magnetic moment and
large anomalous Hall effect [1]. The XA structure (F4̄3m) of the full Heusler lacks inversion
symmetry and therefore allows for the possibility of spin orbit torque (SOT) originating from
the bulk [2]. Other SOT contributions can arise from interfaces that, for any thin film
sample, leads to ∞m symmetry with no inversion centre.

Figure 1: Crystal structure
of Mn2RuGa in the XA
form, showing the lack of
inversion symmetry.

The SOT of Mn2RuGa thin films was measured
by harmonic Hall effect on patterned Hall bars where both
the longitudinal and transverse voltages were recorded. Scans
were performed with the field along the easy axis (z direction)
and hard axis (xy plane). The magnetisation was modelled
using a single macro-spin and tetragonal anisotropy. The
first harmonic of both the longitudinal and transverse voltages
can be explained by the Hall effect, the anomalous Hall effect,
the planar Hall effect and magnetoresistance. They can be
separated by scanning the field in different planes using a 2 T
Multimag permanent magnet flux source. The second harmonic
yields a combination of the purely-thermal Nernst effect, due to
a temperature gradient in the z-direction, and the damping-like
spin-orbit torque. The third harmonic reflects the uniform
heating of the sample and any intrinsic contribution to the SOT
arising from the absence of inversion symmetry. In Mn2RuGa,
the a and b axes are inequivalent, thanks to the tetrahedral
symmetry of the central cube of Ru and Mn4c atoms (Fig.1), and equal numbers of domains
of the two variants are expected in thin films grown on cubic MgO.

The analysis illustrates that the non-linear second harmonic signal originates mainly from a
combination of the interfacial SOT and Nernst effects. The third harmonic signal can be
explained by Joule heating. Intrinsic SOT originating from the lack of inversion symmetry of
the crystal was not expected to be observed in the second harmonics, on account of the two
variants. In principle, it should be observable in the third harmonic because the perturbation
has the same sign for the two variants. However, it was too small for us to detect because of
the quasi-linear variation of Mz with applied field, which leads to a near-zero second
derivative. We hope that we may detect the effect in much larger magnetic fields.

[1] K. E. Siewierska, G. Atcheson, et al., Phys. Rev. B, vol. 104, 6 2021.

[2] J. Železný, H. Gao, et al., Phys. Rev. B, vol. 95, 1 2017.
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Co/Gd based synthetic ferrimagnets have received considerable attention owing to the coexistence of both 

ultrafast  all-optical switching (AOS) [1-2] and current driven domain wall motion (CIDWM) [3-4], allowing 

for novel, hybrid devices connecting spintronics with integrated photonics. So far, the velocity of CIDWM of 

Co/Gd is low due to large net magnetic moment.  

Here, we experimentally demonstrate a fully layered based synthetic ferrimagnet  Co/Gd(x)/Co/Gd 

quadlayer systems which shows simultaneously fast CIDWM and AOS. We first show the magnetic moment 

can be compensated at room temperature conditions(see inset of Fig. 1), where single pulse AOS is found to 

be present in the full range of Gd thickness[5]. The compensation can be seen by the reverse of Kerr contrast 

and divergence of the coercivity at the compensation thickness. From the wedge of the same batch, we 

carried out current induced domain wall velocity measurement and plotted the results in Fig. 1 (b). It can be 

observed that the domain wall velocity spikes at the thickness close angular momentum compensation. As 

the current density is increased the optimum in the velocity is found to shift towards larger Gd thicknesses, 

we attribute this  to the difference in temperature dependence of the magnetization in Co and Gd leading to a 

shift in the compensation thickness due to joule heating. We further conducted numerical and theoretical 

modelling of the domain wall motion considering the Joule heating effect, a reasonable agreement with 

experiment was found [5].   

Our study shows a significant improvement of the room temperature domain wall velocity in synthetic 

ferrimagnetic systems through stack engineering paving ways for hybrid integration of racetrack memory and 

AOS (with integrated photonics). 

[1] : Lalieu, M.L.M., et al. Physical Review B 96.22 (2017): 220411. 

[2] : van Hees, Youri LW, et al. Nature communications 11.1 (2020): 1-7. 

[3] : Caretta, L. et al. Nature Nanotechnology 13.12(2018): 1748-3395 

[4] : Blaesing, R. et al. Nature Communications 9.1(2018): 2041-1732 

[5] : Li et al. arXiv :2202.11595 
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(a)                                                                  (b) 

Fig. 1:  Coercivity, polar MOKE signal (a) and current-driven domain wall velocity (b) as a function of Gd thickness in a 

Si/SiO2(100)//Ta(4)/Pt(4)/Co(0.6)/Gd(x)/Co(0.7)/Gd(1.5)/TaN(4) multilayer system, where the numbers between brackets denote layer 

thicknesses in nm, and the x indicates the wedged layer given on the x-axis.  The dashed vertical line in (b)  indicates the Gd thickness where 

angular momentum compensation is achieved (see(a)).  
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In recent years, THz spintronic emitters have emerged as intense, broadband radiation sources in this 

historically difficult-to-access frequency range. Through engineering of material properties and device 

architecture, researchers have optimized several aspects of these emitters. For instance, the incorporation 

of ferrimagnetic materials has resulted in the ability to tune the THz pulses through temperature and 

chemical concentration. At the same time, the study of these devices by THz emission spectroscopy 

provides a window into the magnetization dynamics and spin transport within their constituting materials.  

In this work, we employed time-domain THz spectroscopy to characterize the THz emission from samples 

based on ferrimagnetic GdFeCo and Pt. By analyzing the symmetry of the generated THz pulses, we 

corroborated that their origin is the excitation of spin current due to the ultrafast demagnetization of 

GdFeCo, followed by spin-to-charge conversion in Pt through the inverse spin Hall effect. Moreover, 

temperature-dependent experiments displayed a strong decrease in the THz emission close to the 

magnetization compensation temperature (TM) of the GdFeCo layer.  

Previous research on ferrimagnetic THz spintronic emitters attributed the above-described behavior to the 

cancelation of the opposing rare earth and transition metal contributions to the THz signal [1] or to 

composition inhomogeneities in the sample [2]. Based on equilibrium magnetometry measurements and on 

the effect of a bias magnetic field on the THz pulses, we argue that the THz signal is suppressed close to 

TM as a consequence of the out-of-plane magnetic anisotropy of the sample. This scenario is supported by 

a  macro-spin model which is shown to reproduce the external field dependence of the experimental data.  

Having concluded that the vanishing of the THz signal does not provide information regarding the relative 

magnitudes of the Gd and FeCo contributions, we address this outstanding issue by comparing the emission 

from samples with different Gd concentrations. The data hint that the rare earth contribution can be non-

negligible, despite the localized character of the 4f electrons responsible for magnetism in Gd.  

Our results constitute a systematic study of GdFeCo THz emitters and confirm the versatility of this alloy 

as a source of sub-picosecond spin current.  

 

 

[1] T. Huisman, D. C. Ciccarelli, et al., Appl. Phys. Lett., vol. 110, no. 7, 2017. 

[2] M. Chen, R. Mishra, et al., Adv. Opt. Mater., vol. 6, no. 17, 2018. 
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Magneto-ionics (MI) is of great interest in spintronics primarily due to nonvolatile

modulation of magnetic properties. However, the potential application of MI is restricted

by lack of full reversibility and the switching speed. Several works have focused on with

different types of ions, oxides, and degree of oxidation [1-3] to address these limitations,

but the influence of annealing temperature on MI reversibility is still lacking in the litera-

ture. Annealing is is a common technique used to crystallize CoFeB to enhance perpendic-

ular magnetic anisotropy (PMA), Dzyaloshinskii-Moriya interaction (DMI), and tunnel

magnetoresistance [4-6]. Therefore, its impact on MI reversibility is of deep concern.

In this work, we study the influence of annealing on MI reversibility in W/CoFeB/HfO2

where CoFeB is amorphous in the as-grown state. We observe that as-grown samples

show in-plane magnetic anisotropy (IPA) and show no change with gate voltage, whereas

samples annealed at 350◦C and 390◦C display PMA and transition to IPA with negative

gate voltage. In addition, we show that 390◦C annealing allows for higher DMI (0.6

mJ/m2) and anisotropy, but is irreversible, whereas the 350◦C annealing shows negligible

DMI (0.06 mJ/m2), lower anisotropy, and semi-reversibility of 60%.

This disparity in the degree of MI reversibility with different annealing profiles could

be attributed to the degree of crystallization in CoFeB. As different annealing profiles

change the size and distribution of CoFeB grains, it affects the ionic mobility inside the

stack and therefore the reversibility. Our results show that annealing and phase of CoFeB

has a strong impact on tuning between magnetic properties and reversibility and is of

extreme importance for the design of MI based spintronics devices.

[1] Tan, et al., Nat. Mater. 18, 35 (2019).

[2] Fassatoui, et al., Phys. Rev. Appl. 14, 064041 (2020).

[3] Pachat, et al., Phys. Rev. Appl. 15, 064055 (2021).

[4] Cho, et al., IEEE Trans. on Magnetics 54, 15000104 (2018).

[5] Nagata, et al., Appl. Phys. Lett. 109, 132404 (2016).

[6] Wang, et al., Phys. Rev. B. 81, 144406 (2010).
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Electric field-controlled data storage and logic devices promise an energy consumption 

up to a hundred times less compared to current state-of-the-art [1]. Although the effect of an 
electric field on the Magnetic Anisotropy (MA) [2] and interfacial Dzyaloshinskii-Moriya 
(iDMI) [3] has been reported, no measurement technique is available that can untangle the 
intricate effect of an electric field simultaneously. In this project, we aim to adapt a technique 
relying on propagating spin wave spectroscopy [4] to probe all these electric field-induced 
effects of interfacial magnetic properties, self-consistently. 

In this presentation, I will present our latest simulations and experimental results aiming 
at proving the self-consistency, backed up with conventional techniques. We study the 
influence of the electric field strength as well as the width of the electric gate (E-gate) (see 
Fig. 1a) on the transmission of the spin waves through the region where the magnetic 
properties are locally modulated. Here we localized an electric field at the interface between 
an insulator (MgO) and the spin-wave guiding ferromagnet (Co), which changes the 
electronic band-structure and hence is expected to give rise to small changes in the interfacial 
properties e.g. the MA and the iDMI. As can be seen in Fig. 1b, simulations show a change of 
amplitude of the transmitted forward volume spin wave once it has travelled through a region 
where the anisotropy (HAnis) is locally modified by an electric field (HEfield). 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
Ultimately, as the changes induced by an electric field on MA and iDMI can be small, 

we hope to provide the scientific community with a technique relying on the propagation of 
spin waves to probe the smallest change of interfacial magnetic properties, induced by an 
electric field. Moreover, the wave nature of spin wave and the possibility to control their 
dispersion relation by locally applying an electric field, could lead to the conception of novel 
spin-wave based logic devices, contributing to green IT. 
 
[1] F. Matsukura, Y. Tokura and H. Ohno, Nat. Nanotechnol. 10, 209-220 (2015). 
[2] Z. Huang et al., Appl. Phys. Lett. 103, 222902 (2013). 
[3] T. Strivastava et al., Phys. Nano. Lett. 18, 4871-4877 (2018). 
[4] J. Lucassen et al., Phys. Rev. B. 101, 064432 (2020). 

 
Figure 1: (a) A spin wave (red) is created by the antenna on the left (yellow) and propagates 
through the gated region (green) before being detected by the antenna on the right. (b) 
Transmission of a forward volume mode as a function of the relative strength of the anisotropy 
modified by the electric field in the gated region. Spin wave frequency is 5GHz and Gated region 
width is 800nm. 
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Micromagnetism [1] is at the core of modern computational efforts that try to capture the statics and 

dynamics of macroscopic magnetic bodies. Micromagnetic exchange is traditionally derived by 

performing the continumm limit of the Heisenberg Hamiltonian on a cubic lattice where the exchange 

integrals are assumed to be identical for all nearest neighbors. These limitations normally impose the 

use of a microscopic theory to account for the appearance of higher order magnetic interactions such 

as DMI [2], [3]. In this paper we combine graph theory and gauge field theory to simultaneously 

account for the symmetry properties of the crystal, the effect of spin-orbit coupling and their interplay 

on a micromagnetic level that does not require us to work on an atomic scale. The outcome is going to 

be a theory that allows to derive the continuum limit of micromagnetic interactions accounting for the 

crystal symmetries at all orders in exchange. As an example, we are going to show how this method 

can successfully predict the form of micromagnetic DMI in all 32 crystallographic point groups and 

discuss the consequences of different DMI tensor components. 

 

Figure 1: a) Heisenberg model on a cubic lattice. b) Decomposition of the cubic lattice in nearest 

neighbour clusters using the Voronoi tassellation. c) Continuum limit performed on the cell from b). 

The Gauge covariant derivative is introduced in the last step. 

[1] W. Brown. 1963. 

[2] T. Moriya, Phys. Rev., vol. 120, no. 1, 1960. 

[3] I Dzyaloshinsky, J. Phys. Chem. Solids, vol. 4, no. 4, 1958. 
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Non-collinear antiferromagnets (NC-AFM) have attracted much attention recently due to the 

observation of the anomalous Hall effect (AHE) in these materials [1,2,3] despite the small magnetic 

moments present in their unconventional spin structures. These materials have also exhibited an 

anomalous Nernst effect which is possible to manipulate with strain  [4]. These fascinating qualities 

have deep rooted connections with the magnetic octupole moment  [5] that could be harnessed to enable 

chirality switching  [6] and bring these materials ever closer to realistic AFM spintronic devices.  

 Here we study the AHE as a function of magnetic field direction in the Kagome (111) plane of the 

antiperovskite nitride Mn3Ni0.35Cu0.65N. We explain the resulting magnetic field orientation dependence 

of the AHE in the context of irreducible representations of the three-spin primitive unit cell, showing a 

deeply connected interplay between magnetic field dependence of AHE and the octupole moment by 

fitting to density functional theory calculations. Further, we present non-trivial features in the magnetic 

field dependent AHE loops before the onset of saturation signifying additional stable spin 

configurations, and potentially novel transport phenomena. These results open the possibility of a lever 

through which the spin structure in NC-AFMs can be manipulated making Mn3NiXCu1-XN, and more 

generally antiperovskite nitrides, another class of materials which shows genuine promise in realizing 

a more efficient memory device concept. 

[1] H. Chen, Q. Niu, and A. H. MacDonald, Anomalous Hall Effect Arising from Noncollinear 

Antiferromagnetism, Phys. Rev. Lett. 112, 017205 (2014). 

[2] S. Nakatsuji, N. Kiyohara, and T. Higo, Large Anomalous Hall Effect in a Non-Collinear 

Antiferromagnet at Room Temperature, Nature 527, 212 (2015). 

[3] K. Zhao, T. Hajiri, H. Chen, R. Miki, H. Asano, and P. Gegenwart, Anomalous Hall Effect in the 

Noncollinear Antiferromagnetic Antiperovskite Mn 3 Ni 1 − x Cu x N, Phys. Rev. B 100, 045109 (2019). 

[4] F. Johnson, J. Kimák, and J. Zemen, Identifying the Octupole Antiferromagnetic Domain Orientation in 

Mn3NiN by Scanning Anomalous Nernst Effect Microscopy, Applied Physics Letters 120, 232402 (2022). 

[5] M.-T. Suzuki, T. Koretsune, M. Ochi, and R. Arita, Cluster Multipole Theory for Anomalous Hall Effect 

in Antiferromagnets, Phys. Rev. B 95, 094406 (2017). 

[6] D. Go, M. Sallermann, F. R. Lux, S. Blügel, O. Gomonay, and Y. Mokrousov, Non-Collinear Spin 

Current for Switching of Chiral Magnetic Textures, Phys. Rev. Lett. 129, 097204 (2022). 



Exploring multiple strain geometries in

PMN-PT/Ta/CoFeB/MgO magneto-electric devices

S. Roy1, A. Solignac2, T. Bhatnagar-Schöffmann1, N. Montblanc3, R.
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Strain-induced modification of magnetic properties in hybrid piezoelectric/ferromagnetic

heterostructures is being intensively investigated due to its potential for low power spin-

tronics applications based on magnetic domain wall (DW) motion ([1], [2]).

In this study, we present PMN-PT (011)/Ta/CoFeB/MgO based devices where both out-

of-plane and in-plane strain configurations have been exploited to control DW dynamics.

In PMN-PT (011), the application of a gate voltage along the out-of-plane (OOP) direc-

tion of the sample leads to a non-volatile polarisation state which can be reverted back

to the un-poled state by annealing at temperatures above the Curie temperature ([3]),

which was confirmed in our system by piezoresponse force microscopy. In this config-

uration we observe a non-volatile increase in the coercivity in 10µm wires in the poled

state of about 90% with respect to the unpoled state. This response can be linked not

only to a strain-control of magnetic anisotropy but also to a strain-controlled change in

the homogeneity of the magnetic landscape. The multiple polarisation directions of the

domains in the un-poled state of the PMN-PT can translate into a wider anisotropy dis-

tribution in the magnetic system, compared to the poled state. This can significantly

affect DW nucleation/depinning fields, which opens the door to using strain to control

magnetic disorder. We also combine this non-volatile effect with local, volatile, in-plane

control of DW dynamics, dominated by strain-induced changes in magnetic anisotropy.

In conclusion, we present a multifunctional strain-controlled device where both disor-

der and anisotropy can be manipulated. We show that multiple strain configurations in

piezoelectric/ferromagnetic hybrid structures can open new opportunities for the electrical

manipulation of DW dynamics.
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Superparamagnetic tunnel junctions (SMTJ) are promising candidates for the implementation of 

neuromorphic computing. In a SMTJ, the magnetic free layer can switch its orientation induced by thermal 

activation, leading to a random two-level resistance fluctuation with relaxation times in the order of a few 

nanoseconds [1]. Their intrinsic stochastic behaviour and additional tunability by external magnetic 

fields, Spin Transfer Torques (STT) or Spin Orbit Torques (SOT) are key ingredients for low-energy 

artificial neurons in neural networks. Non-conventional computing, like inverse logic for integer 

factorization already has been demonstrated based on SMTJs [2]. Measurements of the characteristic 

stochastic switching behaviour are highlighted and the quality of randomness (according to NIST Statistical 

Test Suite) for a SMTJ as a potential true random number generator is evaluated. New possible 

implementation ideas of a stochastic neural network based on SMTJs are proposed and their efficiency is 

studied in detail.              

 

 

 

Figure 1: In a superparamagnetic tunnel junction (SMTJ), thermal excitations can lead to a switching of 

the free layer magnetization resulting in stochastic resistance fluctuations between the parallel and the 

anti-parallel state of the MTJ. 
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ABSTRACT 

Existence of exchange bias (EB) resulting from antiferromagnetic/ferromagnetic interface is 

well known in the literature [1]. EB phenomenon is characterized by the horizontal shift of the 

magnetic hysteresis loop as the system is cooled through Neel’s temperature in presence of an 

external magnetic field. In addition, a simultaneous hysteresis loop shift along the 

magnetization axis has also been observed frequently in the literature and is termed as “vertical 

magnetization shift” (VMS). EB is the backbone of designing magnetic storage devices and is 

among the modern approaches to spintronics. One of the interesting characteristics of EB is the 

training effect [2]. In this work, we investigate the exchange bias training effect (TE) in 

LaFeO3/NiO nanocomposite synthesized by a complex propylene glycol gel chemical route. 

The consecutive measurement of field cooled (60 kOe) magnetic hysteresis loops at 5 K show 

that the exchange bias field (HE) decreases with the increasing number of cycles of M-H loops 

(𝑛) confirming the presence of the TE effect in our sample (see Fig 1(a)). The experimentally 

observed trend between HE and 𝑛 was fitted using the general power law and Binek’s recursive 

relation (see Fig 1(b)). The fitting parameter obtained from the power law is 𝐻𝐸(∞) = 1253 Oe; 

where 𝐻𝐸(∞)is the magnitude of the exchange bias field in the limit of infinite loops. From the 

Binek’s recursive relation, the obtained value of 𝐻𝐸(∞) and γ (sample dependent constant) is 

1118 Oe & 6.9 × 10−7 (Oe)-2, respectively. Both, the power law and Binek’s recursive relation 

points coincide well with the experimental observations. 

 

 

 

 

 

 

Figure 1 (a) Enlarged view of six consecutive M-H loop cycles in cooling field of 60 kOe measured at 5 K, (b) 

solid squares represents the data points calculated by using Binek’s recursive relation, solid line corresponds to 

Power law fitted data and experimental data is represented by using the circular symbol. 
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The effect of the travelling surface acoustic wave (SAW) induced dynamic strain on domain wall (DW) 

motion and DW structure in Pt/Co/Ta thin films with perpendicular magnetic anisotropy has been 

investigated both experimentally and numerically. Two-millimetre wide Pt/Co(t)/Ta thin films (t=0.7 or 0.9 

nm) have been deposited using magnetron sputtering. Interdigitated transducers, which can generate SAWs 

with centre frequencies of 50, 100 and 200 MHz, were fabricated by the two ends of thin films. DW motion 

and its velocity were observed and measured using Kerr Microscope. Results showed that DW motion is 

within the creep regime for all studied cases. The DW velocity decreases as the SAW frequency increases 

in the thin film with the thinner Co layer. On the contrary, DW velocity increases with the increasing SAW 

frequency. Micromagnetic simulations were performed by Mumax3 to understand the SAW frequency 

effect on the DW motion. Simulation results showed a good agreement with the experimental results 

revealing that SAW introduces spin rotation in the DW following the SAW frequency. The SAW-induced 

spin rotation, on the one hand, enhances the possibility of the domain depinning from the pinning sites; on 

the other hand, also causes energy wastage. Which factor plays the main role depends on the depinning 

energy and SAW frequency. 

 
Figure 1: Experimental results of the domain wall velocity against field in Pt/Co/Ta thin films with (a) 0.7 

nm Co and (b) 0.9 nm under different SAW frequencies. Simulation results of the domain wall displacement 

against time with (c) 1% and (d) 3% anisotropy disorder. 
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