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Single layer metal-organic frameworks (MOFs) grown on metallic substrates have been candidates 

for 2D-Ferromagnetism (FM) due to the chemical control, tunability of the organic linkers and the 

rich self-assembled architectures achieved. Despite many attempts, FM in 2D-MOFs had never 

been observed. In this work we show cooperative ferromagnetism (FM) in an atom thick two-

dimensional metal- organic framework. We study a 2D-MOF consisting of Fe atom centers and 

9,10-dicyanoanthracene (DCA) molecular linkers forming a mixed honeycomb-kagome lattice on 

Au(111), so called Fe+DCA/Au(111). The lattice is formed by sequential deposition of DCA and 

Fe atoms on Au(111) with Fe:DCA relation of 3:2. Large, monodomain network islands are 

generated. LEED patterns show a hexagonal network, with nn Fe distance = 1.15 nm. By means of 

an experimental approach consisting of STM and STS, LEED, XAS and XMCD, as well as state-

of-the-art first-principles calculations, we show that 2D-FM takes place in Fe-DCA/Au(111) below 

TC = 35 K, driven by exchange interactions through the molecular linkers. The system exhibits a 

square hysteresis loop and coercive fields over 2T, with huge remanence and perpendicular 

anisotropy.  
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Figure 1: Left: STM image (20 pA; −1 V) of the 2D-MHK lattice with, a model of the MOF structure is overlaid 
with the molecules forming a kagome substructure and the Fe adatoms a honeycomb sublattice. Right a) L2,3 Fe-edge 
XMCD spectra acquired for normal (0) and grazing (70) incidence angle. Right b) Hysteresis loop obtained at the 
L3 edge of Fe at normal (green) and grazing (red) incidence.  
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Lanthanum strontium manganite (La1-xSrxMnO3) is a perovskite oxide with a huge appeal because 
of its wide variety of electronic and magnetic properties, such as colossal magnetoresistance, 
half-metallicity, and metal-insulator transitions [1], which can be tuned by Sr doping level, as it 
is responsible for Mn ions valence [2]. Epitaxial La1-xSrxMnO3 thin films with high-quality, well-
oriented, with minimal structural and chemical imperfections are desired. The polymer-assisted 
deposition (PAD) technique was chosen among the different grown methods, as it is a promising 
methodology with environmentally friendly, low-cost scalability and stoichiometric versatility 
[3].   
 
Taking advantage of the PAD’s stoichiometric versatility, epitaxial oxide La1-xSrxMnO3 thin films, 
with 0.3 ≤ x ≤ 0.65, were grown on top of single crystalline (001)-SrTiO3 substrates. Flat and 
fully strained La0.7Sr0.3MnO3 (LSMO) epitaxial thin films could be obtained with the expected 
ferromagnetic behaviour (Tc = 340 K). In addition to the characteristic resonant peaks that these 
films displayed when characterized by ferromagnetic resonance, LSMO films also evidenced a 
spin-pumping effect when a Pt film was deposited on top of it. Thus, PAD demonstrated its 
efficiency in growing high quality LSMO epitaxial films for spintronic applications.  
 
La1-xSrxMnO3 thin films with x  0.5 were grown to use its A-type antiferromagnetic (AF) 
behaviour to improve the spin injection from a ferromagnet into a normal metal [4]. However, it 
was necessary to reach a doping level of 0.65 to get the expected Mn3+:Mn4+ ratio according to 
XAS study. La0.35Sr0.65MnO3 thin films should have ferromagnetic ordering planes, which are 
coupled antiferromagnetically, thus resulting in transport anisotropy along these films.  
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Figure 1: Inverse Spin Hall voltage signal and FMR spectra as a function of applied magnetic field measured at 200 
K for different frequencies for the Pt/LSMO/STO system.   
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Synthetic antiferromagnets (SAF) are composed by two magnetics layers separated by a 
nonmagnetic spacer that produces an antiferromagnetic coupling (AF) between them.  They are 
being investigated thoroughly these days because they present remarkable features, such as 
suppression of skyrmion Hall effect [1] or high speed domain wall propagation [2]. From the point 
of view of magnonics they are also interesting because in the presence of a magnetic field they 
present two modes and they can be tuned by the strength of the AF coupling [3]. 
In this work we use micromagnetic simulations to investigate the interaction between spin waves 
(SWs) and domain walls (DWs) in SAFs. The DW is initially located at the center of the nanostripe 
and the SWs are excited at the left edge by means of a linearly polarized oscillating field mimicking 
the Oersted field generated by an AC current (fig. 1a). When an out-of-plane field of 300 mT or 
above is applied, the DW reflects the SWs very efficiently (fig. 1b). This effect is attributed to the 
sizable DW stretching exerted by the field, which tends to displace the DW in each layer in opposite 
directions. The field breaks the AF component at the DW and it acts as a barrier for the AF magnons. 
We have systematically evaluated SW reflection and DW displacement as a function of both the 
applied field and the excitation frequency finding a large correlation between them. This is 
explained considering that the magnons transfer linear momentum to the DW when they are 
reflected, leading to the DW displacement away from the SW source. Regarding the frequency 
dependence, the external field breaks the symmetry between the two AF modes and it is found that 
the lower branch, dominated by the layer in which the magnetization is antiparallel to the field, is 
largely responsible for the observed effect. Magnons from the upper branch, on the other hand, 
cross the DW without apparent reflection and they transfer their angular momentum to the DW, 
which leads to its displacement along the magnon flow, although their effect on the net displacement 
is very small as compared to the dominating effect from the lower branch. This is confirmed when 
each of the two modes is selectively excited using circularly polarized rf field. 
 
[1] X. Zhang, Y. Zhou, and M. Ezawa, Nat. Comm., 7, 10293 (2016). 
[2] S.-H. Yang, K.-S. Ryu, and S. Parkin, Nat. Nanotechnology, 10, 221 (2015). 
[3] M. Ishibashi, Y. Shiota, T. Li, S. Funada, T. Moriyama, and T. Ono, Sci. Adv., 6, eaaz6931 (2020). 

 
Figure 1: (a) Schematic representation of excitation of spin waves in a SAF that has a DW. (b) Spin waves 
transmission as a function of the applied field for an excitation frequency of 50 GHz. 
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Low dissipation switching of nanomagnets is one of the main challenges in the development of 
future magnetic memories. We numerically investigate the evolution of the static and dynamic 
spin wave (SW) magnetization in short (50-400 nm length and 120 nm diameter) cylindrical 
ferromagnetic nanowires, where competing single vortex (SV) and vortex domain wall with a 
Bloch point (BP-DW) magnetization configurations could be formed. For a limited length range 
(between 150 and 300 nm) we demonstrate a reversible microwave field induced (forward) and 
opposite spin currents (backwards) transitions between the topologically different SV and BP 
states. By tuning the nanowire length, excitation frequency, microwave pulse duration and the 
spin current values we show that the optimum (low power) manipulation of the BP-DW could be 
reached by a microwave excitation tuned to the main SW mode and for nanowire lengths around 
230-250 nm, where single vortex domain wall magnetization reversal via nucleation and 
propagation of SV-DW takes place. Our findings open a new pathway for the creation of 
unforeseen topological magnetic memories. 
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Figure 1: Cross section sequence of the mz magnetization component of a 250 nm long NW, showing the used 
method to destroy the BP-DW state via a frequency-tuned mw field (a,b) and its posterior restoration using spin 
currents, (c,d). (e) Energy difference between the SV and BP-DW states against the length of the NW, proving a 
range of quasi-metastability between 200 and 400 nm. 
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The rise in the field of spintronics has augmented the efforts on developing more efficient devices 
for logic or memory applications. Some of these devices use Spin Valve (SV) [1] structures where 
exchange bias plays a crucial role. This well-known interaction is at the core of different devices 
and sensors such as hard drive reading heads, magnetic random access memories (MRAMs) or spin 
transfer torque MRAMs. The potential of this interaction together with the recent publication of 
Jenkins et al. [2] showing the atomistic origin of exchange bias and the experience in our group [3] 
have motivated us to study deeply this interaction under the influence of other interactions.  
 
Here we show how granular exchange bias can be tuned depositing a Pt/Co/Pt stack with high 
Perpendicular Magnetic Anisotropy (PMA) on top of an IrMn layer of a top Spin Valve (SV). First-
Order Reversal Curves (FORCs) are used here to study the coupling between these ferromagnetic 
stacks. Fig 1a show a FORC measurement of an SV where exchange bias is easily depicted. 
Moreover, Fig 1b shows a FORC measurement of the PMA stack deposited on top of the SV. Here 
we can identify the tuning of the exchange bias due to the influence of the PMA stack on the 
antiferromagnetic layer. This exchange bias alteration can be used as a pinning point of Domain 
Walls in spintronic devices. 
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Figure 1: First Order Reversal Curve (FORC) diagram measured along the biased axis of a top Spin Valve with 
structure Ta(3)/NiFe(3)/CoFe(2.5)/Cu(2)/Ru(0.8)/CoFe(2.5)/IrMn(8)/NiFe(2.3)/Ru(3) (a). FORC diagram of the 
SV/PMA thin film showing an alteration in the exchange bias (b). 
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The emerging field of magnetic logic seeks to redesign the principles of micro-electronics logic 
operations at the lowest level to use ferromagnetic materials directly. A submicrometer planar 
wire made from a soft ferromagnetic alloy has shown to be an excellent conduit for a domain 
wall; a domain wall can propagate in complex networks based on this type of wire under an 
external magnetic field that rotates in the plane of the device acting as a clock and a power 
supplies. A Permalloy(𝑁𝑖 𝐹𝑒 ) wire is investigated here: the domain wall dynamics in the wire 
are studied by a micromagnetic software “MUMAX3” to solve the Landau-Lifshitz-Gilbert. 
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Fig1. Shows a NOT gat design.,(a) is the temporal evolution of the x-component and y-component of the averaged 
magnetization : (<mx>vs .time  and  <my>vs .time) as well as the temporal evolution of the in-plane components 
of the elliptic rotating magnetic field( Bx=14mT By=18mT)  at a frequency of   f=0.4GHz.  (b) illustrates the 
micromagnetic snapshots (with MUMAX3) at the different instant of time showing the expected behavior of the 
DW moving in a NOT gate: starting with input as a head-to-head domain wall (H-H DW.) and driven along the 
sample by a rotating elliptic magnetic field resulting a tail-to-tail domain wall (T-T DW)  as an output which is a 
perfect demonstration of a NOT logic operation. 
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Optoelectronic platforms, based on the bulk photovoltaic effect (PVE) presented by certain 
ferroelectrics have emerged as a versatile tool to manipulate and/or trap micro- and nano-objects 
[1]. Very recently, a method for manipulating aqueous solution droplets has been demonstrated 
with biological samples containing DNA and sperm [2]. In this work we report the action of these 
platforms on the manipulation of a different kind of relevant bio-species: multicellular spheroids. 
Spheroids are 3D cell models, with a diameter of hundreds of microns, whose cellular metabolism 
is closer to the one of tissues than monolayer cultures. Two cell lines of human cancer, MCF-7, 
from breast epithelial tissue (adenocarcinoma) and U-87mg from a brain epithelial tissue 
(glioblastoma astrocytoma), have been used to grow the spheroids.  
In the experiments (see figure 1), droplets of cell culture medium containing a single spheroid 
are deposited in the air-paraffin interphase. When the light is switched on, a PV electric field is 
generated inside the substrate that extends outside it. This field has been able to manipulate the 
spheroid-droplet system, a hybrid bio-droplet quite different from the homogeneous droplets used 
in previous reports [2]. Attraction and trapping at the light position, or repulsion from it have 
been obtained depending on the different ferroelectric substrate face exposed to the light. An 
analysis of the droplet migration behaviour for the two cell lines and for a reference droplet with 
only cell culture medium has been carried out. The results show that the culture medium droplet 
is positively charged whereas the spheroids provide negative charge to the hybrid system. 
 
This work has been funded by MCIN/AEI/10.13039/501100011033 under the grants PID2020-
116192RB-I00, PID2019-110632RB-I00 and TED2021-129937B-I00 
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Figure 1: Schematics of the PV ferroelectric platform showing the hanging droplet containing the spheroid. The 
ferroelectric substrate is illuminated with a laser beam that generates a PV electric that manipulates the droplet.  
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Transition-metal oxides have received much attention due to their wide range of coupled responses 
emerging from strong electronic correlations [1]. Nonetheless, the restrictions imposed by epitaxial 
growth of these materials onto a limited number of single crystalline substrates has limited their 
functionalization and assembly with more application-relevant materials. The recent success in the 
fabrication of freestanding oxide layers has opened interesting opportunities of ampler material 
combinations and new device functionalities [2-3].  
 
In our work, freestanding films of the ferroelectric oxide BaTiO3 with widths down to 15 nm have 
been released from the substrate and functionalized in junctions with metal electrodes. 
Perpendicular electric transport measurements across these freestanding sheets have displayed a 
non-volatile resistive switching behaviour with memristor functionalities (one of the main 
requirements in neuromorphic circuits). The optimization of these memristive effects through the 
combination of these layered oxides with other materials families is expected to inspire novel device 
concepts contributing to improve the energy efficiency of big-data.   
 
 
 
 
 
References 
 
[1] Y. Tokura et al., Nature Physics, 13, 1056 (2017) 
[2] D. Lu et al., Nat. Mater., 15, 1255 (2016) 
[3] S. S. Hong et al., Science, 368, 71 (2020) 

 
 

 
 
 

 



(TaSe4)3I: Reconciling transport, optics and ARPES 

Irián Sánchez Ramírez  

Maia G. Vergniory , Claudia Felser  and Fernando de Juan  
Donostia International Physics Center, P. Manuel de Lardizabal 4, 20018 Donostia-San Sebastian, Spain 
Max Planck Institute for Chemical Physics of Solids, 01187 Dresden, Germany 
IKERBASQUE, Basque Foundation for Science, Maria Diaz de Haro 3, 48013 Bilbao, Spain 

irian.sanchez@dipc.org 

Recently, the quasi one-dimensional transition metal tetrachalcogenide (TaSe )  I has been found 
to display the coexistence between superconductivity and ferromagnetism [1]. This result is 
conflicted with the previous works on this material, which overall predict it to be insulating [2]. 
Furthermore, no consensus exist on the electronic properties of (TaSe )  in the literature, since 
ARPES and transport measurements disagree by an order of magnitude on its electronic bandgap. 
In this work, we rationalize the observed transport gaps and reconcile them with ARPES and 
optical experiments by relating the dissimilarities with band-folding due to an approximated 
translational symmetry originated by a distortion caused by Se cages. Finally, we relate the 
observed superconducting behavior to a possible extrinsic hole doping which can tune the Fermi 
level through a Van Hove singularity.  
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Figures: 

Figure 1: (TaSe )  structure (left) and unfolded bandstructure of the compound taking into account the distortion 
caused by Se cages (right). 
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Nano-undulated ferromagnetic (FM) thin films are of interest in fields such as magnonics or sensing 
due to their ease to tune magnetic anisotropy [1].  Traditionally, their magnetic behavior has been 
understood by means of Schlömann’s dipolar field model for softly corrugated systems [2]. 
Moreover, FM corrugated thin films are able in certain conditions to sustain surface-plasmon 
polariton (SPP) excitations, forming magnetoplasmonic crystals [3,4]. 
 
We report on the magnetization reversal processes detected in permalloy films deposited onto 
highly corrugated patterns (250 nm in periodicity, 180 nm in amplitude) [Figure 1]. We observe an 
increasing switching field with FM layer thickness (ܪ௦ ן  opposed to Schlömann’s prediction of ,(ݐ
௦ܪ ן  We reproduce our experiments qualitatively with micromagnetic simulations, finding .ݐ/1
that the magnetic behavior has a dipolar origin and does not follow Schlömann’s predictions even 
at FM thicknesses larger than the ripple amplitude. These results demonstrate that the traditional 
dipolar based approaches are incomplete in highly corrugated thick samples and will help to get 
a better understanding of operating mechanisms in magnetic field sensors based on undulated 
ferromagnetic materials. Additional reflectance characterization of these materials is currently in 
progress in order to determine magnetoplasmonic effects in these materials. 
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Figure 1: Left: AFM image and profile of sawtooth patterned Si substrate. Right: Experimental (blue) and simulated 
Switching field ܪ௦ (green) evolution with FM layer thickness ݐ. Schlömann’s dipolar field estimation (red) is shown 
as reference. 
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Oxide-based Ferroelectric Tunnel Junctions (FTJs) are interesting devices for neuromorphic 
computing since they exhibit ferroionic memristive behavior [1,2,3]. We investigate a new degree 
of freedom for this kind of devices linked to the sharp metal to insulator transition (MIT) displayed 
by rare earth nickelates. Exploring the role of the strong electronic correlations and the MIT on the 
perpendicular transport of FTJs would be not only intriguing from a fundamental point of view but 
could yield interesting new concepts for devices [1,4].   
 
We are able to grow high quality −epitaxial and flat− NdNiO3 thin films with different degrees of 
epitaxial strains, what allows us to tune the critical temperature of the NdNiO3 MIT in a wide range. 
In the present work, we have fabricated FTJs with BaTiO3 as the nanometric ferroelectric tunnel 
barrier, NdNiO3 as bottom electrode and Au as top electrode.  
 
NdNiO3-BaTiO3 based FTJs show a tunnel electroresistance (TER) of TER = 105 %. Our FTJs 
exhibit memristive behaviour, featuring multilevel resistance states which can be reached and 
stabilized with simple voltage sequences. We have explored the role and possible interplay between 
the different ferroelectric and ferroionic effects to tailor synaptic responses as required in 
neuromorphic computing [2]. 
 
Future work will be devoted to progress in the emulation of synapses and neurons functionalities 
using these devices. 
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Metal dihalides MX2, where M is a transition metal and X a halogen, are a class of 2D layered 
materials bonded through van der Waals interactions. These binary compounds exhibit magnetic 
texture with semiconducting electronic properties. Since single layers can grow epitaxially on 
metal substrates, there is a strong interest in determining whether these properties persist at the 
2D limit [1].  
 
Here we study the epitaxial growth of FeCl2 and NiCl2 on an Au (111) substrate. Their chemical 
and electronic properties were explored by low-energy electron diffraction, X-ray photoelectron 
spectroscopy and low-temperature scanning tunneling microscopy and spectroscopy. These 2D 
materials are arranged in large and flat monolayers, which apparently are highly decoupled 
from the substrate. The magnetic properties of the dihalides were studied by X-ray absorption 
spectroscopy, revealing a ferromagnetic order related to the 3d electrons of the transition 
metals, which survives on a metallic substrate. Interestingly, the magnetic alignment depends on 
the transition metal used, so that it can be switch from perpendicular to in-plane by substituting 
the metal ion from iron to nickel. In addition to this, their thermal stability and large electric gap 
make them suitable candidates in many applications, such as thin heterostructures in 
magnetoelectric devices or as a barrier to decouple molecular systems from the conductive 
substrate and experimentally access to new magnetic properties in the low dimensional limit. 
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Figure 1: STM and AFM images on FeCl2 (a)  I=20pA U=3.0V) and NiCl2 (b) I=10pA U=2.0V). Comparison of 
magnetization loops for FeCl2 and NiCl2 at normal incidence 0º (NI) and grazing incidence 70º (GI) measured at 
the Fe L3 edge (c) and Ni L3 edge (d). The inset represents a scheme of the incidence angle of the easy axis of 
magnetization direction respectively. 
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The Magnetoelectric Spin-Orbit (MESO) technology [1] is a relatively new technology coming 
from the Spin Orbitronics field. MESO devices combine the advantages of the Magnetoelectric 
effect (ME) (input of the device) and Spin Orbit coupling (SOC) (read out part), to achieve an 
efficient Spin-to-charge conversion (SCC) and the capability of storing non-volatile information 
in the magnetic state of the device. In this work, we focus on the MESO device’s read-out part, 
using a 2-dimensional electron gas (2DEG) as a high SOC material [2]. The two principal 
advantages of using 2DEGs are the finite Rashba SOC they present, and the high tunability of 
their electronic structure, which is related to the Rashba-Edelstein effect (IREE) response [3].  
This section consists of applying a charge current through a ferromagnetic material, which is 
equivalent to the generation of the spin current via the ME, and this current will flow from the 
ferromagnet into the high SOC material. Due to the presence of inverse IREE, which naturally 
appears in 2DEGs [4,5], the spin polarized current will be transformed into a perpendicular charge 
current that will carry the information about the magnetization of the ferromagnet. In our study, 
we have designed, patterned and fabricated T-shaped nanodevices where the charge current is 
injected into a Co layer (the ferromagnet), and there it is transformed into a spin polarized current 
that will flow into the 2DEG, generating a perpendicular voltage output. Interestingly, we found 
signatures of SCC and studied its evolution as a function of the temperature while applying back-
gate, external magnetic-field or while rotating the sample. Furthermore, since the current injected 
into the 2DEG is not a pure spin current, but a mixture of spin and charge currents (i.e. a spin-
polarized current), we tried to disentangle the IREE contribution from different spurious effects 
like Planar Hall Effect, Anomalous Hall Effect and anisotropic magnetoresistance. Our findings 
are very promising in terms of spin-logic approaches for alternative applications in computing 
field, paving the way towards a new generation of scalable, non-volatile and high energy 
efficiency beyond-CMOS spintronic logic devices. 
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The Anomalous Hall effect (AHE) is an intriguing transport phenomenon in ferromagnets, which 
exhibit longitudinal currents even in the absence of a magnetic field, as opposed to the ordinary 
Hall effect [1]. The AHE was first understood as an intrinsic effect by Karplus and Luttinger.[2], 
showing that the inner magnetization of ferromagnets breaks Time Reversal Symmetry, allowing 
the antisymmetric part of the linear response tensor to be finite, as required by Onsager’s relations. 
This quantity is proportional to what we nowadays know as Berry curvature. Therefore, the non-
trivial topology of the band structures is the responsible of the intrinsic AHE [1]. As a result, 
topological features, such as nodal lines or points, close to the Fermi energy have a deep impact in 
the transport properties of these materials, leading to huge Anomalous Hall Conductivities (AHC). 
This has been a well-stablished paradigm for the last years for the linear AHC. 
In the present work, we study the AHC in the half- Heusler ferromagnets NiMnSb and PtMnSb. 
We conclude that the big AHC present in these Heusler compounds is indeed due to the presence 
of topological features (Weyl nodes), but which appear away from the Fermi level. By combining 
the ab initio calculations with a toy-model, we show that the steep slope-bands both compounds 
exhibit are capable of dragging the BC originated in the Weyl nodes down to the Fermi level, 
leading to the huge AHC. We propose that these dragging effect of the Berry Curvature can be 
generalized to other materials exhibiting this band structure behavior, enrichening the paradigm 
described above. Further research in this direction is currently being done. 
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Figure 1: Ab-initio calculations reveals NiMnSb and PtMnSb to be Weyl semimetals with Weyl nodes near and far 
from Fermi level. To observe the effect of non-trivial topologies, one should expect nodes near to Fermi level. 
However, in these systems, band dispersions are steep resulting in dragging of Berry curvature to the Fermi level 
even though Weyl nodes are far from Fermi level. This can me seen with the present toy-mode, in which the Weyl 
nodes (black arrows in a) and b)) lead to a finite AHCat the Fermi level (c)).  
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Magnetism and the existence of magnetic order in a material is determined by its dimensionality. 
In this regard, the recent emergence of magnetic layered van der Waals (vdW) materials provides a 
unique playground to explore the exotic magnetism arising in the two-dimensional (2D) limit. The 
magnetism of 2D flakes has been commonly studied by indirect methods like Raman spectroscopy. 
Here, taking advantage of liquid-phase exfoliation (LPE) method, we show a first direct magnetic 
evidence of the antiferromagnetic transition in FePS3 few-layer flakes, performed with a SQUID 
magnetometer (Figure 1a). It is concomitant with a clear reduction of the Néel temperatures with 
the flake thickness, in contrast with previous Raman reports.[1]  
The quality of the LPE FePS3 flakes allows the study of electron transport down to cryogenic 
temperatures (Figure 1b,c).[2] The significant through-flake conductance is sensitive to the 
antiferromagnetic order transition. Besides, an additional rich spectra of electron transport 
excitations, including secondary magnetic transitions and potentially magnon-phonon hybrid 
states,[3] appears at low temperatures (Figure 1d). Finally, we show that the LPE is additionally a 
good starting point for the mass covalent functionalization of 2D magnetic materials with functional 
molecules.[4] This technique is extensible to any vdW magnetic family. 
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[2] Burzurí, E. et al., Nanoscale, 10 (17), 7966-7970 (2018). 
[3] Klein, D. R. et al., Science, 360 (6394), 1218-1222 (2018).  
[4] Vázquez Sulleiro, M. et al., Nat. Chem., 14 (6), 695-700 (2022).  

 
 
 
 
  
 
 
 
 
 
 
 
 
 
Figure 1: (a) First derivative of magnetic susceptibility (χ) measured as a function of temperature in a bulk reference 
sample and exfoliated samples ω1, ω2, ω3 and ω4. (b) Scanning Electron Microscopy (SEM) image of a representative 
electrode pair containing LPE FePS3 flakes (ω1) trapped by dielectrophoresis (DEP). (c) Current I – Temperature T 
characteristics measured on a FePS3 device at a fixed V = 0.1 V and its first derivative (dI/dT) (inset). (d) First 
derivative (dI/dV) of the Current I – Voltage V characteristics at different temperatures. 

(c) (d) (a) (b) 
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We study experimentally how crystal size influences magnetic ordering in arrays of molecular 
nanomagnets coupled by dipolar interactions (Fig. 1, left). Compressed fluids techniques [1] have 
been applied to synthesize crystals of Mn6 molecules (spin S = 12) with typical sizes ranging from 
28 Pm down to 220 nm (Fig. 1, centre). The onset of ferromagnetic order and the spin 
thermalization rates have been studied by means of micro-SQUID ac susceptibility 
measurements. We find (Fig. 1, right) that the ordered phase remains ferromagnetic, as in bulk 
[2], but the critical temperature Tc decreases with crystal size. Simple magnetostatic energy 
calculations, supported by Monte Carlo simulations, account for the drop in Tc in terms of the 
minimum attainable energy for finite-size magnetic domains limited by the crystal boundaries. 
Frequency-dependent susceptibility measurements give access to the spin dynamics. Although 
magnetic relaxation remains dominated by individual spin flips, the magnetic order leads to very 
long spin thermalization time scales. The results show that size influences the magnetism of 
dipolar systems [3] with as many as 1011 spins and are relevant for the interpretation of quantum 
simulations performed on finite lattices. 
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Figures 

 

 

 
Figure 1. Left: Schematic view of a lattice of Mn6 molecular nanomagnets, each with a spin S = 12, interacting via 
dipolar interactions [2]. Centre: Microscopy images of two samples of size controlled Mn6 crystals. Right:  
Dependence of the ferromagnetic ordering temperature, normalized to the bulk or thermodynamic value, as a 
function of crystal size.  



 

GEFES2023  SALAMANCA 

 
Automatic procedure to obtain tight-binding parameters for 

second-principles simulations. The case of SrTiO3 
 

Nayara Carral-Sainz 
Javier Junquera and Pablo García-Fernández 
Departamento de Ciencias de la Tierra y Física de la Materia Condensada, Universidad de Cantabria, Avenida de 
los Castros s/n, 39005 Santander, Spain 
nayara.carral@unican.es 
 
First-principles calculations allow to compute the energy and properties of a compound from 
essential information about its structure and composition. In principle, even the finite temperature 
behavior of materials is accessible from first-principles simulations since the early stage of 
density functional theory (DFT). Nowadays, however, such simulations remain practically 
limited by computational resources to very small length scales (a few hundreds of atoms per cell) 
and timescales (a few picoseconds). Nevertheless, many important fundamental and applied 
problems require to explore these large time and length scales at operating conditions (finite 
temperature, electric fields, etc). A practical way to overcome these limitations is to work with 
effective atomistic models, integrating out the electronic degrees of freedom and providing a 
simple parametric description of the Born–Oppenheimer energy surface in terms of structural 
degrees of freedom. This might be a constriction in some cases, specially, in those problems 
where the relevant physics is dominated by the electronic degrees of freedom. Recently, a method 
has also been proposed to reintroduce explicitly the treatment of the meaningful electronic 
degrees of freedom in the form of a tight-binding model, while avoiding double-counting with 
the effective atomic potentials [1].  
 
This tight binding approach is based on the Taylor expansion of the DFT energy around a 
reference electronic density. The deformation density with respect this reference, as well as the 
hamiltonian matrix elements, is expressed in a basis of Wannier functions which are obtained 
from the band manifolds of interest in the problem. Only the relevant electrons to the problem 
can be retained in the description, reducing by orders of magnitude the computational cost. This 
gain in efficiency would come at the cost of finding the right parameters in the tight binding 
hamiltonian matrix elements, that would reproduce as close as possible the first-principle 
hamiltonian matrix elements. 
 
Here we propose a method implemented in python, the MODELMAKER code, for the automatic 
parametrization of such tight binding hamiltonian. The starting point is made of first-principles 
calculations (from the SIESTA code [2]) in training sets with a small number of atoms in the unit 
cell. Since there is not input coming from the experiment, our method retains full predictive 
power, and that is why it is coined as second-principles simulations. Both electron-lattice 
coupling, studied by calculations characterized by geometry distortions, and electron-electron 
interactions, caught by simulations exploring electronic states beyond the Born-Oppenheimer 
surface, are included in the parametrization of the electronic model. The obtained parameters are 
validated comparing the band structures computed from first and second-principles in 
configurations that are not included in the training set. This methodology has been applied to a 
paradigmatic functional oxide such as SrTiO3. 
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Iridium Oxides have been proven to be very useful in spintronics. Indeed, a decade ago, IrO2 was 
proposed as the most promising material for spin-current detectors; thanks to its s strong spin-orbit 

coupling  and concomitant large spin Hall effect.[1] Doping this material with magnetic elements 
opens the possibility of tuning its electrical and magnetic behavior and/or the efficiency of the 

conversion between charge currents and spin currents, of interest for several spintronic applications.  
 

In this work we have explored the role of Co doping on the structural and magnetic properties of 
IrO2 thin films. Ir1-xCoxO2 (x = 0.07–0.6) 80 nm thin films were prepared by reactive magnetron 

co-sputtering and analyzed using X ray reflectivity and diffraction, Scanning Electron Microscopy 
and SQUID magnetometry.  

 
We’ve found that, regardless of the doping, the rutile-like crystal structure of IrO2 was maintained; 

with only gradual cell contraction and grain size reduction as doping increases. On the other hand, 
and despite the high Co doping achieved, no ferromagnetism was observed in any of the samples. 

From this, one can infer that cobalt takes a Co3+ oxidation state in a low spin configuration, inducing 
a change of oxidation state of the iridium ions from Ir4+ to Ir5+. This is expected to result in a higher 

spin-orbit coupling and, therefore, making Ir1-xCoxO2 thin films promising candidates for devices 
with optimum conversion between charge currents and spin currents [2].   
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Understanding thermal transport in van der Waals (vdW) materials is required for future 
applications of these novel materials. However, despite recent efforts, the physics of thermal 
transport on a few layers of vdW materials is not well comprehended, mainly how heat transport 
is affected by material thickness, substrate, interfaces, and phase transitions. In this work, we 
present out-of-plane thermal conductivity (κ) and thermal boundary conductivity (TBC) of a few 
layers of Fe3GeTe2, which recently have attracted great research interest due to experimental 
findings of rare two-dimensional ferromagnetism close to room temperature[1]. Measuring the 
dependence of κ on the thickness and temperature, we discuss the ballistic and diffusive phonon 
transport for Fe3GeTe2 and vdW materials in general, also discuss the mechanism of the sudden 
change of κ observed at Curie temperature (~200 K) which is robust to external magnetic fields 
up to 50mT, which is the field able to switch between stripe domains and uniform magnetized 
states[1].  
 

 
Figure 1: a) Atomic Force Microscopy of Fe3GeTe2 flakes with different thicknesses. b) Phase contrast on 
Frequency-Domain thermoreflectance (FDTR) due to the thickness and κ variations c) κ vs Temperature in the 
points 1, 2, and 3 of a) and b). 
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The control of the magnetization processes along elongated structures is key for the development 
of novel magnetic devices. Recent studies shown that complex and interesting spin textures and 
novel physics phenomena can be observed in cylindrical nanowires [1]. Electrodeposition is a 
versatile tool for the synthesis of cylindrical nanowires with controlled morphology and 
composition [2]. We will show how local changes in composition along the axial direction in 
permalloy nanowires act as pinning sites for controlling the domain wall motion [3] producing also 
complex tridimensional spin textures with well-defined chirality [4]. 
 
Compositional gradients can be also introduced by gradually changing the Fe/Ni ratio, producing 
an asymmetrical landscape for domain wall motion, which is reflected in asymmetrical 
magnetization processes under applied magnetic field. Figure 1 shown a comparison of First 
Order Reversal Curves (FORC) measured in homogeneous and modulated nanowires, with a 
clear asymmetry in the curve in the latter ones. Moreover, we are able to introduce another degree 
of freedom by modulating the composition along the radial direction (FeNi/Au/Co nanowires) in 
which the coupling between magnetic layers and thus the magnetic properties are controlled by 
the thickness of the Au layer. 
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Figure 1: FORC diagrams measured a) in permalloy nanowires and (b) in nanowires in which an axial gradient of 
composition has been introduced. The asymmetry of the magnetization process is clearly shown in the area marked 
with the red square. 
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The sensing of the non-volatile resistive states of large arrays of memristors is an important 
challenge for the implementation of energy efficient neuromorphic computing. The reversible 
build-up of a Schottky barrier is the dominant mechanism of the resistive switching in one kind of 
FerroIonic Tunnel Junctions, originating the different memristive states [1]. In this work we take 
advantage of the Schottky barrier to get an active reading of the memristive states in a 
La0.7Sr0.3MnO3/BaTiO3/ITO ferroionic tunnel junction with a 3 nm thick BaTiO3 layer [2,3]. The 
Schottky barrier formed in the BaTiO3 layer dramatically enhances its optical response and 
produces a photovoltaic response when illuminated with a UV LED. The open circuit voltage Voc 
correlates linearly with the resistance of each state, facilitating the active sensing of the memristive 
state and opening the way to an ultra-low energy sensing of the devices enabling a parallel 
implementation. 
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Figures 
 

 
Figure 1: (a) I-V curves in the RHigh in dark and under UV illumination. Inset is a sketch of the band diagram, 
indicating the variation of the Schottky barrier for different memristive states. (b) Resistance of different 
memristive states at 10 K as a function of the measured |Voc|, for two power densities. Dashed lines are guides for 
the eye with slope 1 corresponding to a linear correlation. The inset shows the time resolved Voc for RHigh and RLow 
memristive states (top curves), measured under light pulses of 5 seconds (bottom curve). 
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Magnons, the collective bosonic excitations in magnetically ordered systems, allow for the 
transport of spin angular momentum even in insulators. The ability to control the generation, 
propagation, and detection of such magnon spin currents represents an asset for the progress of 
spintronics. So far, magnon transport has been studied mainly through Y3Fe5O12 (YIG) and a few 
other ferri- and antiferromagnetic insulators [1], while there exist many materials in which their 
behaviour is little known.  Here, we study for the first time the generation of thermal magnon 
currents in ferromagnetic insulator europium sulphide (EuS), which exhibits a Curie temperature 
Tc = 19 K in thin films [2]. We perform both local (LOC) and non-local (NL) transport 
measurements in 18-nm-thick films of EuS using Pt electrodes, with different separation 
distances d, as magnon injectors and detectors. We study the voltage response generated at the 
detector due to the inverse spin Hall effect, given that spin angular momentum is transferred 
through the Pt/EuS interface. We identify the magnon induced spin currents by measuring the 
dependence of the second harmonic component of this voltage on the in-plane angle () applying 
an external magnetic field B that orients the EuS magnetization M and determines the spin current 
spin polarization. The observed LOC and NL signals indicate that magnon currents can be excited 
thermally by the spin Seebeck effect. By comparing the dependence of the LOC and NL signals 
with the temperature (2 K < T < 30 K) and magnetic field (< 9 T), we confirm the magnon 
transport origin of the NL signal. By studying the NL signal as a function of d, we extract the 
magnon diffusion length in the EuS films (~140 nm), which we find to be much shorter than the 
YIG case. We discuss our results considering the Gilbert damping and the Tc of the EuS films. 
 
[1] A. Brataas et al., Physics Reports, 885, 1 (2020). 
[2] J. M. Gómez-Pérez et al., Nano Letters 20, 6815 (2020). 
 

 
Figure 1: a) Optical microscope image of a device showing the measurement configuration. b) Representative 
LOC and NL angular dependent signal detected for thermally excited magnons at 2 K and 0.3 T.  
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Materials with a strong spin-orbit coupling present some effects relevant for the development of 
spintronics devices, such as the spin Hall effect (SHE) and its inverse (ISHE) which result in 
conversion between charge currents and spin currents. The efficiency of spin-to-charge current 
conversion is given by the spin Hall angle θSH [1]. Large θSH has been reported in sputtered 
amorphous BixSe1-x [2]. Amorphous BixSe1-x is thus a promising material that can be used in the 
recently proposed magneto-electric spin-orbit (MESO) logic device by Intel [3], in which not only 
large θSH is needed, but also a high resistivity [4]. One approach using electrical spin injection in 
nanostructured devices have been reported using local configuration [5]. However, we need to 
properly estimate the spin diffusion length (λSD) for a more accurate quantification of θSH. By using 
a non-local configuration with lateral spin valves (LSV), we can perform two distinct measurements 
and independently extract θSH and λSD. We were able to fabricate sputtered amorphous BixSe1-x 
nanostructures and integrate them in LSV devices by multiple e-beam lithography steps. This is a 
challenging process that requires a comprehensive understanding of the interface between BixSe1-x 
and the metals used in the LSVs, which is an extremely critical factor to design an all-electrical 
spintronic device. By using the configuration shown in Fig. 1a, we successfully measure the spin 
Hall signal (2ΔRSHE), which allows us to quantify θSH in sputtered BixSe1-x (Fig. 1b). In the same 
device, we also measured the spin signals using non-local configuration for the reference device 
and across the BixSe1-x wire (Fig. 1c), that allow us to extract λSD. 
 
 
[1] E. Sagasta et al., Phys. Rev. B. 94, 060412 (2016).  
[2] M. DC et al., Appl. Phys. Lett. 114, 102401 (2019); M. DC et al., Nat. Mater. 17, 800 (2018).  
[3] S. Manipatruni et al., Nature. 565, 35 (2019). 
[4] V. T. Pham et al., Nat. Electron. 3, 309 (2020). 
[5] W. Y. Choi, I. C. Arango et al., Nano lett. 22, 7992-99 (2022). 

 
 

  
 
Figure 1: a) SEM image of two Py/Cu-based lateral spin valves: on the left with a middle wire for spin absorption 
of BixSe1-x (30 nm) and on the right as a reference. b) SHE resistance as a function of the external magnetic field 
measured at 10 K using the configuration in panel a, demonstrating spin-to-charge conversion in a BixSe1-x 
nanostructure. c) Non-local resistance as a function of the external magnetic field for the reference devices and across 
the BixSe1-x wire at 10K. 

a)           

b)           c)           
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As the electronics industry is reaching the fundamental limits of Moore's law with characteristic 
sizes of 7 nm in CMOS technology, new beyond-CMOS technologies are required to overcome 
the end of this law. One promising proposal to achieve this is spintronics, a field of electronics in 
which the intrinsic spin of the electron is exploited in addition to the fundamental electronic 
charge. Nowadays, one of the most used ways to create spins is by charge-to-spin current 
conversion effects, for example the spin Hall effect (SHE) [1], in systems with strong spin-orbit 
coupling (SOC). Reciprocally, spins can be detected by spin-to-charge current conversion from 
the corresponding inverse effects. Moreover, SOC gives rise to other interesting effects as the 
recently predicted spin current swapping (SCS) [2], a spin-to-spin conversion effect.  
 
This work presents a study on the SCS effect, which has been theoretically predicted but so far 
not experimentally measured. For this purpose, a nanodevice based on a lateral spin valve (LSV) 
[3] has been designed, fabricated and characterized, which will allow the measurement of the 
SCS effect. The fabrication includes two electron-beam lithography (eBL) steps: the first one for 
patterning the ferromagnetic (NiFe) nanostructures, which will act as the spin injector and 
detector of the LSV, and the second one for the Cu channel, which will allow the spin transport. 
After measuring the reference spin signals, SOC-impurities, in this case Ga atoms, have been 
implanted in the nanodevice by focused-ion beam (FIB) which should give rise to the SCS effect 
[2]. The experiment reveals that the measured spin signal after the FIB treatment has a shift 
around zero magnetic field when compared to the reference signal, which is the expected outcome 
if the SCS effect would be present. This experimental observation is thus compatible with the 
presence of the SCS effect in our nanodevices based on Ga-doped Cu.  
 
 
 
 
 
 
 
 
 
 
Figure 1: Left figure shows the designed nanodevice, the measurement configuration and the expected non-local 
spin signal. Right figure shows a more accurate measurement around zero magnetic field for the case where SCS is 
present and the case where it is not present, for the four possible magnetization configurations of the ferromagnets 
(FM). 
 
[1] Sinova, J. et al, Reviews of Modern Physics, 87, 1213 (2015). 
[2] Lifshits, M., Dyakonov, M., Physical Review Letters, 103, 186601 (2009). 
[3] Sagasta, E. et al, Physical Review B, 94, 060412 (2016). 
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Magnetic layered (2D) materials have awaken the attention of researchers since the isolation of 
intrinsically magnetic monolayers, and as result, the library of magnetic 2D materials is growing 
every day. Furthermore, one of the main goals in this field is to achieve control over their 
magnetic properties for their integration in devices[1]. In this regard, layered hybrid organic-
inorganic metal halide perovskites (HOIPs) present an ideal platform for magnetic tunability due 
to their chemical and structural versatility[2-3]. Here we conducted a detailed study to understand 
the effect of the transition metal (Cu2+, Mn2+ and Co2+), organic spacer (alkyl- and aryl-
ammonium) and perovskite phase (Ruddlesden-Popper and Dion-Jacobson) on their magnetic 
properties. We found that for Cu2+ HOIPs, an increase of in-plane anisotropy and a reduction of 
the interlayer distance lead to a change in their magnetic behavior from a 2D ferromagnet to a 
quasi-3D antiferromagnet (Figure 1). In contrast, the magnetism of Mn2+ HOIPs is intrinsically 
characterized by antiferromagnetic intralayer interactions. Finally, Co2+ crystals with a non-
perovskite structure present a dominant paramagnetic behavior. Therefore, our results 
demonstrate that the chemical flexibility of HOIPs can be exploited to develop novel layered 
magnetic materials with tailored magnetic properties.[4] 
 
[1] S. Zhang, R. Xu, N. Luo, X. Zou, Nanoscale, 13, 1398-1424 (2021). 
[2] A. Privitera, M. Righetto, F. Cacialli, M. K. Riede, Advanced Optical Materials, 9, 2100215 (2021). 
[3] M.  Bochalya,  G.  V.  Prakash,  S.  Kumar, Journal of Solid State Chemistry, 273, 32-36 (2019). 
[4] Y. Asensio, S. Marras, D. Spirito, M. Gobbi, M. Ipatov, F. Casanova, A. Mateo-Alonso, L. E. 

Hueso, B. Martín-García, Advanced Functional Materials, 2207988 (2022). 
 

 
Figure 1: a) Crystal structures of PEA2CuCl4 (phenethylammonium – PEA) (CCDC 751958) and EDACuCl4 
(ethylenediammonium - EDA) (CCDC 1148696) drawn using VESTA software and b) their magnetization (M) 
versus temperature (T) with the field parallel to the [CuCl6]4− octahedra layers. 
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Intercalation of van der Waals layered materials is a powerful processing tool to tailor their 
properties [1-3]. In these studies, we focused our attention on the modulation of the magnetic 
properties of two antiferromagnetic transition metal phosphorous trisulfides, NiPS3 (TN = 155 K) 
and MnPS3 (TN = 78 K), through electrochemical and/or exchange-based organic cation 
intercalation. In particular, NiPS3 was successfully electrochemically intercalated with 
tetrabutylammonium ions (TBA+) and with cobaltocenium (Co(Cp)2

+) via spontaneous 
TBA+/Co(Cp)2

+ exchange in solution (Figure 1a)[4]. On the other hand, MnPS3 was processed 
directly in aqueous solutions of four alkylammonium bromide salts (R4N, with R4 = tetramethyl, 
tetraethyl, tetrabutyl, cetyltrimethyl), leading to the corresponding hybrid organic-inorganic 
intercalates. X-ray diffraction, Raman, and gravimetric studies were carried out for structural 
characterizations. Finally, magnetic measurements revealed the suppression of pristine 
antiferromagnetism and the emergence of molecular-dependent ferrimagnetism for both the 
intercalated host materials, characterized by a hysteretic behavior with finite coercive filed and 
remanent magnetization. We found that TBA0.25NiPS3 (TC = 78 K) and [Co(Cp)2]0.25NiPS3 (TC = 
98 K) show doping-induced magnetizations in the order of 10-2 µB/atom (Figure 1b) [4]; meanwhile, 
the four R4N-MnPS3 intercalates (TC   ̴ 45 K) display a guest’s size-dependent magnetism with 
saturation magnetization reaching up to 1 µB/atom. 
  

[1] J. Zhou et al., Adv. Mater., 33, 2004557 (2021);  
[2] M. Rajapakse et al., 2D Mater. Appl., 5, 30 (2021);  
[3] L. K. Ma et al., Phys. Rev. Mater., 4, 124803 (2020); 
[4] D. Tezze et al., Nanoscale, 14, 1165 (2022); 

  Figure 1: a) Schematic of the two-step intercalation process for NiPS3: electrochemical intercalation of TBA+ ions 
is followed by a TBA+/Co(Cp)2

+ exchange; b) molar magnetization vs. temperature of pristine NiPS3, TBA0.25NiPS3 
and [Co(Cp)2]0.25NiPS3.  
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We report a sizeable quantum tunnelling splitting for the mononuclear Ni(II) molecular 
complexes [Ni(Me6tren)Cl](ClO4) (1) and [Ni(2-Imdipa)(NCS)](NCS) (2).[1,2] With their S = 1 
ground state and strong anisotropy, these molecules provide a realization of the simplest non-
Kramers system (integer spin). The “clock transition” between levels associated with 
superpositions of mS = ±1 spin states, with its characteristic non-linear magnetic field dependence, 
has been directly monitored by heat capacity experiments. The comparison of complex 1 with a 
Co derivative (S = 3/2), for which tunnelling is forbidden, shows that the clock transition leads 
to an effective suppression of intermolecular spin–spin interactions.[3] We also show that the 
splitting admits a chemical tuning via the modification of the ligand shell that determines the 
magnetic anisotropy. In particular, the weaker magnetic anisotropy of complex 2 makes its qubit 
frequency compatible with superconducting microwave circuits, and has allowed its direct 
detection by on-chip broadband transmission experiments. 
 
References 
 
[1] R. Ruamps, R. Maurice, L. Batchelor, M. Boggio-Pasqua, R. Guillot, A. L. Barra, J. Liu, E. Bendeif, 

S. Pillet, S. Hill, T. Mallah and N. Guihéry, J. Am. Chem. Soc., 135, 3017-3026 (2013)  
[2] M. Rubín-Osanz, F. Lambert, F. Shao, E. Rivière, R. Guillot, N. Suaud, N. Guihéry, D. Zueco, A. 

Barra, T. Mallah and F. Luis, Chem. Sci., 12, 5123-5133 (2021) 
[3] R. Ruamps, L. J. Batchelor, R. Guillot, G. Zakhia, A. Barra, W. Wernsdorfer, N. Guihéry and T. 

Mallah, Chem. Sci., 5, 3418 (2014)  
 

Figures 
 

  
Figure 1. Left: Scheme of the clock transition in complexes 1 and 2. The two states of the transition are superposition 
states of mS = ±1 spin states. Right: Evolution of the resonance frequency of the clock transition of complex 2 with 
magnetic field and temperature, extracted from on-chip broadband transmission data. Thanks to the smaller gap of 
complex 2 compared to that of complex 1 it is possible to see a magnetic phase transition in the system through the 
effect of spin-spin interactions on the effective energy gap of the clock transition. 
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Kondo lattice systems are of fundamental importance for our understanding of quantum criticality 
and unconventional superconductivity. At the heart of their complexity lies the competition between 
the opposing forces of Kondo screening and magnetic interactions, which is revealed at very low 
temperatures as the moments start behaving coherently and eventually determines the fate of the 
ground state. While our understanding of Kondo lattices has traditionally relied on technically 
challenging strongly correlated bulk f-electron systems, new light is being shed on the problem 
thanks to heterostructures of 2D transition metal dichalcogenides (TMD), which realize a tunable 
Kondo lattice platform in a simple material. Here, we study the 1T/1H-TaSe2 heterostructure via 
scanning tunneling microscopy/spectroscopy (STM/STS) at low temperatures (340 mK) to unveil 
the emergence of coherent magnetism in this artificial 2D KL [1]. Our measurements demonstrate 
spin coherence in a 2D Kondo lattice as opposed to the well-studied isolated-moment Kondo 
physics. Unexpectedly, we show that our system exhibits long-range antiferromagnetic order 
driven by indirect RKKY interactions and, more importantly, does not condense into a Kondo 
insulator state as commonly assumed for this type of heterostructures. The observation of 
coherence behavior demonstrates that long sought Kondo phenomenology can be observed in 
such accessible systems, drawing a pathway towards the exploration of quantum criticality, 
Kondo breakdown transitions, non-Fermi liquid behavior and unconventional superconductivity. 
 
References 

[1] Wan, et al., arXiv:2207.00096v2 (2022). 
 

 
Figure 1: a, STM image of 1T/1H-TaSe2. Below a sketch of the vertical arrangement of the 
heterostructure is shown. Se, Ta and C atoms are displayed in orange, yellow and black, 
respectively. dI/dV spectra taken on the 1T/1H heterostructure at 4.2 K (b) and 0.34 K (c).  
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11 years ago, ferroelectricity in doped Hafnium oxide was reported for the first time. From then on, 
a flurry of research on ferroelectric HfO2 has been and is being carried out, because its high interest 
for memory applications due to its CMOS compatibility. Different strategies to stabilize and tailor 
the presence of the ferroelectric orthorhombic phase has been followed. These strategies involved, 
but are not limited to, the use of different dopants, the stress effects and the use of different capping 
layers. However, most of these studies are done using polycrystalline samples. Despite their 
appealingness from the technological point of view, fundamental understanding in polycrystalline 
films can be hindered by the presence of different phases, crystalline orientations and large number 
of defects. Epitaxial films of higher crystalline quality are then an ideal candidate for fundamental 
research.  
I will present a general view of structural, morphological and functional properties of epitaxial films 
grown on perovskite substrates with state-of-the-art polarization, endurance and retention. The 
evolution of functional properties with films with different stress modified by the use of different 
substrates will be described. In short, it is found that tensile stress promotes the presence of 
orthorhombic phase leading to larger ferroelectric polarization but not to better endurance. These 
effects are observed in HfO2 with optimal Zr and La doping (Fig. 1). The involved mechanisms 
will be discussed. It is also observed that films showing larger presence of orthorhombic phase 
show slower switching dynamics, which is contrary to what is found in archetypical ferroelectrics 
[1-3]. 
 
References 
 

[1] T. Song, H. Tan, A.C. Robert, S. Estandia, J. Gázquez, F. Sánchez, I. Fina*. Applied Materials 
Today 29, 101621 (2022).  

[2] T. Song, F. Sánchez, I. Fina*. APL Materials 10, 031108 (2022).  
[3] T. Song, S. Estandía, H. Tan, N. Dix, J. Gàzquez, I. Fina,* F. Sánchez. Advanced Electronic 

Materials 8, 2100420 (2021).  

Figures 

Figure 1: Dependence of remanent polarization on tensile epitaxial stress for epitaxial La and Zr doped films.  
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Multilayered systems allow us to tune the desired magnetic behavior of the entire structure by 
precisely adjusting material properties, thicknesses, and magnetic interactions such as exchange 
and magnetostatics for the involved materials. This capability is extremely useful to build advanced 
spintronic devices or magnetic recording media. Ferrimagnetic materials such as Gd-Co alloys 
exhibit adjustable magnetization, offering the possibility of controlling features such as spin-wave 
modes, skyrmion nucleation or fast domain wall motion [1]. In addition, temperature dependence 
of all these properties increases the interest of this kind of systems. 
A GdCo/NdCo/GdCo trilayered system has been designed to support an exchange spring at the top 
layer as ferrimagnetic GdCo alloys present a soft magnetic behavior with weak PMA [2] [Figure 
1], so the middle NdCo layer with its high anisotropy (one order of magnitude larger than GdCo 
layer) can create a pattern of stripe domains with alternating up-down magnetization orientation, 
that can be used to control the configuration in the neighboring GdCo layers via interfacial 
exchange and magnetostatic interactions.  
Low temperature MFM under variable field shows the results of the anisotropy, exchange and 
magnetostatic interactions across the entire GdCo/NdCo/GdCo trilayer: Stripe pattern 
reconfiguration along the entire hysteresis loop (mainly induced by the NdCo mid-layer) and the 
collapse of the top PMA stripe pattern above Bz=800mT. 
 
References 
 
[1] Hermosa-Muñoz, J., et. Al., Communications Physics 5, 26 (2022), 

DOI: 10.1038/s42005-021-00800-3 
[2] J. Hermosa et Al. Journal of Magnetism and magnetic materials, 539, 168384 (2021); 

DOI: 10.1016/j.jmmm.2021.168384 
[3] Hierro-Rodriguez, A et Al. J. Phys. D: Appl. Phys. 46 345001 (2013) 

DOI: 10.1088/0022-3727/46/34/345001 

 
 
Figure 1. a)Exchange coupled GdCo/NdCo/GdCo trilayers b)MFM characterization at 4K and 
Bz=0, +0.8T and -0.4T 
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The development of multiferroic materials with strong magnetoelectric coupling would allow 
creating low energy consumption devices where the magnetic response could be controllable by an 
electric field. The coexistence between magnetism and polar order — driven by the off-centering 
of the magnetic Mn4+ cation (d3) — has been observed in SrMnO3 perovskite compounds [1,2]. As 
the same cation is responsible for both the polar and magnetic orders, strong magnetoelectric 
coupling is expected. While in bulk SrMnO3 the Mn — O — Mn superexchange magnetic 
interaction stabilizes the G type antiferromagnetic (AF) order, first-principles calculations 
suggest that different magnetic ground states may be accessible in SrMnO3 epitaxial films by 
tuning the biaxial strain exerted by the substrate [3,4]. For tensile stress, a rich phase diagram is 
inferred, in which a progressive increase in the strain magnitude induces a gradual transition from 
different types of AF orders to eventually a ferromagnetic (FM) order [3,4].  
Here, we study three fully strained 10 nm-thick SrMnO3 epitaxial films grown on (La,Sr)(Al,Ta)O3 
(LSAT), SrTiO3 (STO), and DyScO3 (DSO) single-crystal substrates with mismatch values of 
+1.68%, +2.63%, and 3.78%, respectively, in order to determine the strain-oxygen vacancies-
magnetic phase diagram. Synchrotron-based X-ray linear dichroism (XLD), X-ray magnetic 
circular dichroism (XMCD), and element-specific magnetic hysteresis loops, were performed in all 
samples around the L2,3 -Mn edges at low temperature and high magnetic field. Preliminary results 
show sizeable XMCD signals and a slight opening of the hysteresis loops in the case of the DSO 
and LSAT, suggesting the emergence of FM order in these strained systems (see Figure 1). 
Besides, the comparison of the experimental data with calculated reference spectra is also in 
progress to determine the evolution of the Mn3+/Mn4+ ratio as a function of the strain and its effect 
on both the local magnetic moment and the resulting magnetic order. 
 
[1] Becher, C, et al. Nat. Nanotechnol, 10, 661–666 (2015)  
[2] Guzmán, R, et al. Nano Lett. 16 (4), 2221–2227 (2016)  
[3] Lee, J. H. et al. Phys. Rev. Lett. 104, 207204 (2010)  
[4] Edström, A. et al. Phys. Rev. Mater., 2, 104409 (2018)  
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Figure 1: XMCD for the SrMnO3 thin film grown on DSO. (a) Magnetic field dependence. (b) Temperature 

dependence. Panels (c) and (d) depict inversion of the signal with opposed magnetic fields.  
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New emergent phenomena arising from topological effects have become a very active 
research frontier in condensed matter physics. Artificial spin ices (ASI) are examples of magnetic 
interacting nanostructures which have opened a way to study topological phenomena such as 
frustration, emergent magnetic monopoles and phase transitions. Geometric properties of the ASI 
are key to determine the dynamics of the magnetic charges and the possible energetic 
configurations, which can also have an influence on the magnetic textures present in these 
systems. Additionally, due to the miniaturization of electronic devices, quantum mechanical 
effects become important. Another interesting effect is how the collective properties of these 
devices, such as superconductivity, are affected when the systems dimensions are reduced. In this 
context, low dimensional effects in superconducting nanostructures have been studied. 

 
The main goal of this work is to characterize the magnetic properties, spin textures and 

frustration in ASIs with different geometries and its influence in the formation and ordering of 
magnetic features. ASIs with different geometries and types of topological protection will be 
presented. Furthermore, this work study how the fabrication process of superconducting 
nanostructures based on a single hexagonal ASIs vertex influences the superconducting 
properties. 
 

Different geometries of ASI systems and superconducting nanostructures had been 
fabricated by combining nanolithography techniques (optical and electronic lithography) and DC 
magnetron sputtering. Nanostructures were characterized using different microscopy techniques 
(AFM and SEM), magnetic force microscopy (MFM) (Fig.1) and micromagnetic simulations. 
Additionally, transport measurements of the superconducting nanostructures at low temperature 
allows the distinction of two different regimes due to lateral confinement: nanowire regime and 
thin film regime.  

 
 
 
 

 
 
 
 
 
 
 
 
 
 
         Figure 1: MFM images of a) square artificial spin ice. b) single vertex of hexagonal artificial spin ice. 
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We propose a protocol to certify the presence of entanglement in artificial on-surface atomic and 
molecular spin arrays using electron spin resonance carried scanning tunnel microscopes (ESR-
STM) [1]. We first generalize the theorem that relates global spin susceptibility as an entanglement 
witness [2] to the case of anisotropic Zeeman interactions, relevant for surfaces. We then propose a 
method to measure the spin susceptibilities of surface-spin arrays combining ESR-STM with 
atomic manipulation [3]. Our calculations show that entanglement can be certified in 
antiferromagnetically coupled spin chains with an odd-number of spins using state of the art spectral 
resolution of ESR-STM magnetometry. 
 
[1] Y. del Castillo, J. Fernández-Rossier, Manuscript in preparation. 
[2] Wieśniak, M., Vedral, V., & Brukner, Č., New Journal of Physics, 7(1), 258 (2005) 
[3] Choi, T., Lutz, C. P., & Heinrich, A. J., Current Applied Physics, 17(11), 1513-1517 (2017) 

 
 

 
 
Figure 1: a) Main elements of the proposed protocol: a spin-polarized STM, an ESR-STM active adatom (green), 
and the spin structure (white) for which entanglement is certified. b) Top, spin susceptibility and the entanglement 
witness boundary for entangled states (solid and dashed blue lines respectively) for an antiferromagnetic spin trimer 
with J = 1 meV. The bottom panel shows the entanglement certification window as the area in the B, T plane inside 
these four regions with the imposed limitations: 1. Limit temperature for entanglement (T*). 2. Linear response 
regime of magnetization of the spin chain with the external magnetic field. 3. Resolution limit of the ESR-STM 
sensor, 4. Limit of the excitation bandwidth of ESR-STM. The position of the sensor is at three oxygen lattice 
distances in MgO (inset). 
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The advent of modern Lithium-ion batteries (LiBs) and energy storage technologies will rely on 
innovative materials and improved characterization techniques in the search of high-energy and 
long-term cycling LiB components [1, 2]. Amongst the most promising materials used as cathodes, 
Ni-Mn-Co (NMC)-based compounds with core-shell structure are gaining increased attention 
owing to their high specific capacity and thermal stability. The characterization of these materials 
requires of advanced microscopy and spectroscopy techniques, including in-situ and in-operando 
techniques, in order to achieve deeper comprehension of the phenomena governing the battery 
performance.     
In this work, NMC core-shell microparticles have been studied by a combination of techniques 
including scanning electron microscopy (SEM), X-ray diffraction (XRD), thermo-XRD, energy 
dispersive x-ray spectroscopy (EDS), Raman spectroscopy, and X-Ray Photoelectron Spectroscopy 
(XPS), including in-situ characterization as well. The combination of these techniques allows to 
achieve insights in the morphological, structural, compositional, and electronic properties of the 
NMC microparticles under study. The analysed microparticles exhibited a rounded appearance with 
an average diameter of 4 μm and variations in their morphology and properties as a function of the 
synthesis route, as observed by SEM and XRD. The presence of Ni-rich core and a Mn-rich shell 
with submicrometric dimensions have been confirmed by EDS, while the formation of oxides 
presenting the usual layered structure of NMC (R-3m) together with the appearance of spinel phases 
as a function of the synthesis procedure have been assessed by means of XRD and Raman 
spectroscopy. This layered structure is directly related to the high capacity and structural stability 
of NMC cathodes when the battery is cycled. Further characterization, including in-situ-thermo 
XRD, in -situ XPS under variable pressure, as well as in-situ SEM with variable temperature up to 
900 ºC have been also carried out. These measurements confirm the formation of NiO as the 
temperature increases up to 900 ºC, as well as the promotion of changes in the morphology of the 
microparticles. Finally, in-situ XPS measurements at temperatures up to 500 ºC and a variable 
pressure, indicate variations in the Mn(3s) and O(1s) core levels, as well as in the electrical 
conductivity of the samples. The combination of these results, including the in-situ characterization, 
can lead to achieve a deeper knowledge of the properties of the NMC microparticles in the search 
of improved performance in LiBs.  
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Magnetic 2D materials have been recently attracting a pivotal attention thanks to both 
fundamental breakthrough studies in low-dimensional magnetism [1] and device applications [2]. 
The potential to fabricate ultra-thin magnetic devices paves the way to change the miniaturization 
paradigm of the limitations of magnetic-enabled microelectronics and integrated photonics [3]. 
However, the integration of these materials in photonic devices requires an accurate 
determination of the optical properties down to the monolayer limit [4], which is still missing. 
By using hyperspectral wide-field imaging we acquire transmission spectra of mechanically 
exfoliated CrI3 flakes with different thickness (Figure 1). We extract the complex dielectric 
function by modelling the spectral information using a Drude-Lorentz model as a function of the 
layer number and relying on a simultaneous fit of a large number of spectra of different thickness 
to increase the consistency of our analysis. Our results reveal a non-monotonic layer-dependent 
evolution of the optical properties that extends across different length up to mesoscale (> 100 
layers). These results shed light into the open structural conundrum of this material and will 
advance the understanding and manipulation the magneto-optical effects of magnetic 2D 
materials for future applications. 
 
[1] B. Huang et al., Nature, 546, 270–273 (2017) 
[2] Z. Sun et al., Nature, 572, 497–501 (2019) 
[3] H. Tian et al., Nat. Photon., 15, 828–836 (2021) 
[4] M. Li et al., Nano Lett., 21, 7602-7608 (2021) 

 
 
Figure 1: Visible range transmittance spectra of CrI3 crystals. Absorption features visible at about 1.95 eV and 2.7 
eV present a non-monotonic trend with the number of layers. 
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Wide band gap materials such as gallium nitride (GaN) have attracted great interest due to their 
potential to improve the performance of power electronic devices. When compared with other 
semiconductors, GaN-based vertical devices can operate at higher temperatures and have a larger 
critical field or a larger blocking voltage, among other advantages. [1] Nevertheless, GaN usually 
bears a high density of structural defects, such as dislocations which can compromise the 
reliability of GaN-based devices. Therefore it is important to obtain information of the growth-
induced dislocations and their effects in the electrical properties of the material. Kelvin probe 
force microscopy (KPFM) is presented as a non-invasive technique that can address this 
challenge.  
In this work, light-assisted KPFM is used for the characterization of the dislocations in two GaN 
multilayer samples (S1 and S2) grown by Metal Organic Vapor Phase Epitaxy on 100 mm 
diameter c-plane sapphire substrates. The atomic force microscopy characterization shows a 
similar topography in both samples: terraces characteristic of step-flow growth containing 
defects, most commonly in the form of pits. The observed defects present three different 
behaviors concerning contact potential difference (CPD) value and its change upon above band-
gap illumination (325 nm, UV).  First, those appearing as large pits (~90 nm diameter) assigned 
to open core dislocations   present larger CPD values on their surrounding area. Upon UV 
illumination, the contrast disappears. Smaller pits (~65 nm diameter), assigned to pure screw 
dislocations, do not show any special CPD contrast. And finally, mixed dislocations do not show 
any CPD features before illumination. Under UV illumination, we observe a local drop in the 
CPD that persists for several hours after placing the sample in the dark. Mixed and pure 
dislocations are mainly present in S1, while open core dislocations are observed in S2. Figure 1 
shows the topography (a) and CPD (b) ascribed to mixed and pure screw dislocations of S1. In 
(c) we have represented the time evolution of the surface photovoltage of both defects. 
 
[1]  M. Menenghini, C. de Santi, I. Abid, M. Buffolo, M. Cioni, R. A. Khadar, L. Nela, N. Zagni, A. 

Chini, F. Medjdoub, G. Meneghesso, G. Verzellesi, E. Zanoni, and Elison Matioli, J. Appl. Phys, 
130, 181101 (2021). 

 
Figure 1: (a) S1 topography (scale from 0 to 2 nm, RMS 0.3 nm). (b) Light assisted KPFM (CPD scale from 710 
to 910 mV). Red circles show mixed and pure screw dislocations, #1 and #2 respectively. (c) SPV vs. time when 
light is turned on and off (time resolution 2 s). 
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Here, we propose a new and versatile prototype of a 3D printable Scanning Tunneling 
Microscope.  In our prototype (see figure 1), the most important advantages that we introduce 
are: the price of the manufacture, a standardized product, and the quickly interchange between 
different approaches, such as STM topography and STM in Break Junction approach (STM-BJ).  
Our results obtained via finite elements simulations have demonstrated that the mechanical 
stability of STM manufactured with poly lactic acid (PLA) is comparable with the conventional 
manufacturing materials. Moreover, we have demonstrated that full functionality of this prototype 
via STM images and electronic transport experiments (STM-BJ).  
 
Thanks to the versatility offered by the 3D printer, we have developed a novel technique based 
on the combination of scanning tunnelling microscopy and twistronics, which we call Twisted 
STM in break junction approach (Tw-STM-BJ). This new technique allows to afront the STM 
electrodes by their 2D edges and change the relative angles between them [ref.1]. 
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Figure 1: Illustration of the microscope together with its accessories, which allow interchange between STM, 
STM-BJ and Tw-STM-BJ experimental techniques. 
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In 2004, a high mobility two-dimensional electron system (2DES) was found at the 
LaAlO3/SrTiO3 interface [1]. Later on, an intense effort in the oxide electronics community was 
started to gain insight into the underlying physics of complex oxide-based 2DESs, as well as into 
the experimental procedures for creating such systems [2,3]. Recently, an especial focus was 
placed in KTaO3-based 2DESs for two reasons.  Firstly, the large spin-orbit coupling increases 
the Rashba spin-splitting, which results in exciting and feasible applications in spintronic devices 
[3]. Secondly, anisotropic transport properties and superconductivity for the KTaO3(111) and 
(110) 2DESs were recently observed [4]. Remarkably, superconductivity has never seen before 
in bulk KTO crystals. In this context, we show for the first time ARPES measurements of the 
2DES formed in KTaO3(110). Our experimental results are in good agreement with the band 
structure simulations that we performed using an open-source code that we have developed [5]. 
By changing beam polarization and analyzing the matrix element symmetries, we have elucidated 
the strong anisotropy of the band structure. Based on the our band-structure simulations we will 
discuss the orbital-ordering and spin texture in KTO based 2DES which are of great interest for 
the spintronics community. 
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Figure 1: Spin expectation values computed for the Fermi surface of the KTaO3(110) two-dimensional electron 
system.  
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The spin Hall effect (SHE) is an important spin-charge conversion mechanism that plays 
a key role in the development of spintronics devices [1], so the search for materials that exhibit 
giant SHE constitutes a quite active research field [2]. Large spin Hall angle (SHA) has been 
reported [3] in CuBi alloys with Bi contents around 0.5%, making this material a good 
candidate for integration in spintronics devices. For this idea to be realized, a detailed study of 
the structure and a fine control of composition and crystal quality is a must so a deeper 
understanding of the origin of extrinsic SHE in this material can be achieved. 
 

In a previous work we reported the possibility of obtaining Bi-doped Cu nanowires using 
template assisted electrochemical deposition [4]. This growth method allows the independent 
control of factors such as crystal quality, cluster formation or microstructure. In this work, we 
present an extensive atomic resolution scanning transmission electron microscopy (STEM) 
characterization of this material. Preliminary TEM structural characterization reveals that using 
low overpotential results in growth of single crystal nanowires (Figs 1 a,b). For low doping 
levels, Bi does not cluster but instead it appears homogeneously distributed into the Cu matrix, 
as Fig 1c shows. These results proof that the obtention of single crystal, homogeneously doped 
wires is indeed possible. This is a much needed step to enable future studies on the correlation 
between the structure and the spin-transport properties to pave the way towards a future 
understanding of the large SHE in these systems. 
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Figures 

 
Figure 1: (a) High- angle annular dark field STEM images corresponding to a single-crystal nanowire (NW) with 
composition Cu95Bi5 grown at -0.05 V. Bottom right inset shows the fast Fourier transform in the zone axis [100].  
(b) Selected area electron diffraction patterns measured for NWs grown at different overpotential. (c) Energy 
dispersive X-Ray analysis maps measured for Bi and Cu of the simultaneous TEM image. 
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The emergence of spin states in triangular-shaped graphene fragments with zig-zag edges 
(triangulenes) is a conceptually attractive theoretical proposal from decades ago [1]. Thanks to the 
recent development of on-surface synthesis strategies, triangulene nanostructures showing 
magnetic interactions can now be fabricated on metal substrates with atomic precision [2].  
 
In this work, we present the synthesis and characterization of aza-[5]-triangulene (A5T) [3] and π-
extended-aza-[5]-triangulene (eA5T) [4] on Au(111) surface. Theoretical models predict such 
structures to have more than two unpaired electrons, which could result in large spin states and 
magnetic interactions. Combined low temperature scanning tunnelling microscopy (LT-STM), and 
low temperature atomic force microscopy (LT-AFM) measurements using CO-functionalized tips 
confirm the precise structure of the triangular flakes. Scanning tunnelling spectroscopy (STS) was 
used to directly prove the magnetic character by measurements of the Kondo effect and spin 
excitations. Experimental findings are further corroborated by the predictions of theoretical models 
such as density functional theory (DFT), mean-field Hubbard model (MFH), and complete active 
space (CAS) Hubbard model. The N heteroatom substitution modifies the spin ground state of the 
molecules with respect to their undoped counterparts, while the size extension switches from 
ferromagnetic to antiferromagnetic interaction between the radicals. 
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Figure 1: Bond-resolved images with CO-STM of A5T and eA5T showing the chemical structures as insets and 
the spots where STS spectra were recorded. STS of A5T shows a weak Kondo resonance corresponding to a high 
spin (≥3/2) ground state. STS of eA5T shows a sharp and intense Kondo resonance corresponding to spin 1/2 
ground state and inelastic doublet-quartet spin excitations. 
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The  electronic  structure  of  materials  is  crucial  for  our  understanding  of  their  properties.  In

crystalline materials, including 2D materials, the occupied states are now routinely determined by

Angle Resolved Photoemission Spectroscopy. Until now, the main techniques for the equivalent

mapping of unoccupied states have been either Inverse Photoemission Spectroscopy or Two-

Photon Photoemission Spectroscopy. However, both techniques have complications that severely

limit  their  application  in  practice.  Instead,  with  the  availability  of  Low-Energy  Electron

Microscopes (LEEM), the use of elastically scattered electrons to probe the unoccupied density of

states has been proposed by van der Molen and coworkers[1], in what has been denoted Angle

Resolved Reflection Electron Spectroscopy (ARRES). Furthermore, if a spin-polarized electron

source is available, the spin-resolved ARRES map can be acquired. We have recently started to

acquire (ARRES) maps on several materials. We will present results on clean surfaces such as

Ru(0001), 2D materials as well as in highly correlated oxides such as magnetite, both from bulk

crystals and from nanostructures. The experiments have been performed at the LEEM instrument

in the Instituto de Química Física “Rocasolano” in Madrid,  and at the spin-polarized LEEM

microscope in Lawrence Berkeley National Laboratory. Both instruments are open to members of

the Spanish scientific community and researchers abroad.
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Figure 1: ARRES maps of graphene, a magnetite island on Ru(0001) and magnetite(100) (the latter spin-resolved).
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The pnictide family of transition metals is being widely studied for emergence of new collective

quantum states. In the iron-family, the suppression of the antiferromagnet order is accompanied

with the emergence of superconductivity [1] and the Ni-based family has been demonstrated to

show an electronic liquid nematic ground state [2]. The Co-pnictide family (ACo2X2, A=Ba,

Ca, Eu, ... X=As, P) has been discussed in the framework of itinerant magnetism of conducting

electrons  and  non-Fermi  liquid  scenarios.  Besides,  some  of  these  Co-pnictides  have  been

predicted  to  be  topological  Weyl  semimetals  where  the  low-energy  excitations  are  Weyl

fermions [3]. The experimental observation of these surface states gives an unequivocal proof

that a particular compound is a Weyl semimetal [4]. Here, by means of ARPES and DFT, we

report the experimental and theoretical band structure of the magnetic Co-pnictide ACo2X2 (A

= Ca, Eu and X = As, P). We address the role of the dimensionality, disorder and the possible

observation of topological physics.

References

[1] David C. Johnston. Advances in Physics, 59, 6 (2010).

[2] Y. Yao et al., Nature Comm., 13, 4535 (2022)

[3] Yuanfeng, Xu et al., Nature, 586, 702-707 (2020)

[4] Su-Yang Xu et al., Science, 349, 613-617 (2015).

GEFES2023 SALAMANCA



 

GEFES2023  SALAMANCA 

 
A Laser-ARPES View of the 2D Electron Systems at 

LaAlO3/SrTiO3 and Al/SrTiO3 Interfaces 
 
Flavio Y. Bruno1  
S. McKeown Walker2, M. Boselli2, E. A. Martinez1, S. Gariglio2, and F. Baumberger2 
1 GFMC, Department of Materials Science, University Complutense of Madrid, Spain. 
2 Department of Quantum Matter Physics, University of Geneva, Switzerland. 
fybruno@ucm.es 
 

The electronic structure of the two-dimensional electron system (2DES) found at the 
Al/SrTiO3 (Al/STO) and LaAlO3/SrTiO3 (LAO/STO) interfaces is measured by means of laser 
angle resolved photoemission spectroscopy (ARPES), taking advantage of the large 
photoelectron escape depth at low photon energy to probe these buried interfaces. The possibility 
of tuning the electronic density in Al/STO by varying the Al layer thickness is demonstrated,[1] 
paving the way for a designed band structure in devices. A new open source Python code released 
under the name BinPo is used to compute the electronic structure of the 2DES. [2] We show that 
the electronic structure evolution for different densities differs qualitatively from a rigid band 
shift model. A comparison of the ARPES measurements in LAO/STO and Al/SrTiO3 allows us 
to shown that both 2DES are strongly coupled to longitudinal optical phonons, in agreement with 
previous reports of a polaronic ground state in similar STO based 2DESs.[3] Tuning the electronic 
density in Al/STO to match that of LAO/STO and comparing both systems, it is estimated that 
the intrinsic LAO/STO 2DES has a bare band width of ≈60 meV and a carrier density of ≈6 × 
1013 cm−2.[1] 
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Figures 

 
Figure 1: (a-e) ARPES Fermi surface of the 2D 
electron system stabilized at the Al/SrTiO3 
interface for increasing Al thickness. These plots 
are obtained by summing two measurements with 
s and p polarization, respectively, and integrating 
the spectra within an energy window of ±5 meV 
around EF. f–j) Energy–momentum dispersion 
measured along the [100] high symmetry direction 
(ky = 0). The right half of panel (j) shows 
synchrotron data acquired in the second Brillouin 
zone with a photon energy of 52 eV on a bare STO 
surface cleaved in UHV. All other data on Al/STO 
were acquired in the first Brillouin zone with hν = 
6 eV. (k–o) Self-consistent tight binding supercell 
calculation of the electronic band structure. The 
electronic densities are from first to last column: 
6, 10, 14, 17, and 31 (1013 cm−2).)  
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Ferromagnetism and superconductivity are still attracting a lot of attention in the condensed 
matter physics community not only due to the rich physical phenomena they embrace but also 
due to their great potential in different novel applications (memories, sensors, quantum 
devices…). Although they are considered antagonist effects, the interplay between them can lead 
to a wide variety of exotic phenomena. Some examples are superconducting vortex pinning 
induced by magnetic nanostructures [1], domain wall superconductivity [2], triplet 
superconductivity [3] and superconducting vortex – magnetic skyrmions interactions [4,5].  
Here, we study magneto-transport properties of a ferromagnetic (FM) multilayer with 
perpendicular magnetic anisotropy (PMA) in contact with a nanostructured superconductor (SC). 
The magneto-resistance and Hall resistance of the FM change below the transition temperature 
of the nanostructured SC even when an insulating layer is placed between both materials. The 
symmetry of the Hall response indicates that these changes are not due to topological effects but 
possibly caused by modifications of magnetic structures or proximity effects.  
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Joule heating is an undesirable byproduct in most of spintronic devices, such as nanostrips, when 
high current densities are delivered through them [1]. This effect must be considered in spintronic 
discussions as magnetic configuration can be modified by thermal gradients [2,3]. Recently we 
published a work proposing a method to dissipate heat by coating the nanostrip with a good thermal 
conductor [4]. Simulations showed a drop of 300 K in the temperature reached by coated strips in 
comparison with non-coated ones. This drop is higher than measuring in cryogenic conditions, 
method widely use in this field. 
The aim of this work is to test experimentally this method covering the nanostrip with a Gold layer 
to dissipate heat and an insulator to avoid current leakages. We have seen that coated strips can 
stand higher current densities up to 3,5 ·1012 A/m2 of sub-microsecond pulses (Fig 1a), meanwhile 
non-coated stripes get damaged with current densities of 1,5 ·1012 A/m2. Figure 2 shows that not 
only higher current densities but higher temperatures can be reached with this coating layer. This 
layer is not just dissipating heat but giving a structural protection to the nanostrip. To the best of 
our knowledge, these current densities have not been seen before, so they are going to open a gate 
to new physics exploring the 1013 A/m2 range. 
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Figure 1: Scanning Electron Microscope (SEM) diagram of a damaged Permalloy strip at 3,5 ·1012 A/m2 (a). 
Temperature reached in the damaged strip (b). The different layers of the coating are shown in both figures. 



 

GEFES2023  SALAMANCA 

Characterization of superconductivity in Full-Shell Al/InAs 
Nanowires 

 
Ignacio Casal Iglesias1* 
Gabriel Moraes1, Ángel Ibabe1, Mario Gómez1, Gorm O. Steffensen2, Thomas Kanne3, Jesper Nygård3, Alfredo Levy 
Yeyati2, and Eduardo Lee1 

1. Condensed Matter Physics Department, Universidad Autónoma de Madrid, 28049 Madrid, Spain 
2. Department of Theoretical Condensed Matter Physics, Universidad Autónoma de Madrid, 28049 Madrid, Spain 
3. Center for Quantum Devices & Nano-science Center, Niels Bohr Institute, Univ. of Copenhagen, Copenhagen, 
Denmark 
*ignacio.casal@uam.es 
 
 
Topological superconductivity has become a fast-growing field in the past decade following 
theoretical proposals [1, 2, 3] which have outlined experimental routes towards the realization of 
Majorana fermions [4], as well as potential applications in quantum computation [4]. InAs 
nanowires covered by epitaxially grown Al shells have become one of the most studied platforms 
in this context [6, 7, 8, 9, 10], benefitting from the improved superconducting proximity effect 
resulting from the high-quality material interface. Despite the significant role that the 
superconducting shell plays in these experiments, there are few works that fully characterize it [11]. 
In this work, we perform a detailed characterization of the superconductivity of the Al shell in 
full-shell Al/InAs nanowires. To this end, we employ DC transport to probe the resistance of the 
superconducting shell in different conditions of magnetic field and temperature, also in the Little-
Parks regime, as well as in the presence of microwaves. Our results show a complex behavior 
which points towards the formation of normal regions in the superconducting shell for increasing 
temperature or perpendicular magnetic fields. 
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Superconducting and Coulomb correlations naturally compete since they induce respectively 
and attractive and repulsive interactions. In fact, is known that superconductivity is suppressed 
when the Coulomb gap is greater than the superconducting gap Δ[1,2]. The way Coulomb 
correlations affects superconductivity when the two energy scales are comparable remains still 
largely unexplored.  
 
Here we study Pb islands [Fig1a] grown on SiC graphene by means of Scanning Tunneling 
Microscopy. Pb islands with lateral sized 𝑙 > 100 nm shows a fully developed superconducting 
gap well described by BCS theory. With 𝑙 < 100 nm Pb islands a Coulomb gap opens [Fig1b] 
and can coexist with the superconducting gap. In this regime we observe a strong induced 
asymmetry in the quasiparticle peaks that we correlate with the excess charge present on the 
island. 
 
The Pb islands-substrate coupling allows controlled island lateral manipulation. Using this, we 
build different structures and explore how the induced superconductivity in graphene [Fig1c]. 
 
Our results show that superconducting graphene is a fascinating workbench for studying 
proximity effects in graphene and interplay of Coulomb blockade effects and superconductivity. 
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Figure 1: a) STM topography of Pb islands on graphene. B) Spectroscopy data showing density of states of the 
small and large islands highlighted in a). The small island shows a Coulomb gap larger than the superconducting 
gap. c) Resonator built with island manipulation, below a line of spectra between the islands showing the density 
of states in graphene.  
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The deviation in the properties of nanostructured materials results as well from the reduced size 
and/or dimensionality of the nanometer-sized crystallites as from the numerous interfaces between 
adjacent crystallites. Transition metal oxides represent a large family of materials possessing 
various interesting properties for multiple applications like electronic devices among others. 
Furthermore, decreasing dimensionality from bulk to nanomembranes, nanowires or nanoparticles 
expands the fundamental research in physics of condensed matter and the applications field. 
In this work, we show a rapid synthesis method to produce transition metal oxide nano- and 
microstructures via the resistive heating of a metallic wire through an electric current flow in which 
the electromigration effect is exploited [1]. This type of synthesis has already been demonstrated 
as an effective route to obtain layered materials with van der Waals (vdW) bonds as MoO3 and non-
layered materials with non-vdW bonds as WO3 [2]. The growth mechanism is based on 
electromigration processes that takes place due to the electric current flow through the material and 
promoting the ion diffusion related to thermal gradient in the wire, a characteristic process of the 
Joule heating [3]. Simultaneous COMSOL simulations have been carried out to verify the 
experimental results. Additionally, it has been studied the influence of applying an external electric 
field in the internal process of the growth during resistive heating. The innovation of this synthesis 
method is that we are capable of synthesizing different crystalline structures, including flakes, 
membranes and nanospheres, at the same time (depending if the growth takes place over the wire 
or the material deposited on the electrodes because of the electric fields’ action) in a very fast and 
simple way. The work includes a detailed morphological, structural and chemical analysis by means 
scanning electron microscopy (SEM), Raman spectroscopy, X-ray diffraction (XRD), transmission 
electron microscopy (TEM) and X-ray photoelectron spectroscopy (XPS). The last step in our 
investigation has been the study of the optical properties of nanostructures and composites have 
been elaborated, embedding the nanostructures in a poly(vinyl alcohol) matrix. In summary, the 
results obtained show that resistive heating is a simple method to synthesize wide-bandgap oxide 
nanomembranes in a fast and low-cost way with promising applications. 
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A magnetic molecule coupled to a superconductor induces Yu-Shiba-Rusinov (YSR) bound states, 
detected by tunneling spectroscopy as long-lived quasiparticle excitations inside the 
superconducting gap [1]. The degeneracy of the system can be lifted by intrinsic magnetic 
anisotropy so that entangled spin and YSR excitations are possible [2]. We tune the exchange 
coupling between a FeTPP-Cl molecule and the proximitized Au/V(100) substrate to go through a 
Quantum Phase Transition (QPT) from a unscreened half-integer spin (even parity) system to a 
screened integer spin (odd parity) system [3]. We use a single site superconductor model [4] to 
prove the capability to detect the parity of the system getting fundamental insight on the interplay 
of YSR and spin excitation, which are potential building blocks for topological superconductors 
and quantum computing. 
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Figure 1: (a) Topographic image of the novel proximitized  Au/V(100) system. Inset: atomic resolution of Au film. 
(b) Cartoon of the setup: electrons from the STM tip tunnel thought the proximitized Au surface, probing the 
Andreev bound states. (c) Topographic image of the evaporated FeTPP-Cl molecules. Four different species are 
indicated. (d) Spectroscopic measurement of the 4-fold FeTPP-Cl molecule. Peak B is related to a pair-excitation, 
which enables the measurement of the local parity of the system.  
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The anomalous Nernst effect (ANE) is a thermomagnetic effect that can be exploited for energy 
harvesting to make use of wasted thermal energy from natural sources or from different electronic 
devices1. The effect depends on the direction of the magnetization of the sample with respect to the 
direction of a thermal gradient. Thus, in order to maximize the ANE without applying any external 
field, it is very convenient to have the remanence of the system in a well-defined direction. Here 
we report on the ANE response of microscopic devices based on multilayers of Co/Pt with high 
perpendicular magnetic anisotropy2. We fabricated micrometre sized devices to enhance the 
thermal gradient and achieve high efficiency thermoelectric devices. Consequently, the thermal 
decay occurs across a very small space, giving thermal gradients three orders of magnitude higher 
than the achieved in macroscopic devices. We extracted the magnetization of the microscopic 
structures from magnetic force microscopy (MFM) images. We also measured the maximum 
current and power provided by the device. We obtained record voltages of approximately 30 mV/cm 
and power densities of around 11 W/cm3. This work tries to emphasize the importance of evaluating 
the resistance or the maximum current admitted by materials with high ANE for energy harvesting 
purposes.  
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Figure 1: a) Picture of the device used to measure the ANE thermopower of microscopic multilayers. b) Atomic 
Force microscopy and c) MFM images of the magnetic multilayer without remanent magnetization, showing the 
worm-like structure of the magnetic domains. 
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   2D layered van der Waals materials are one of the most interesting and richest topics in condensed 
matter physics during the last decade due to their fascinating properties, including emergent 
phenomena which can arise from stacking materials with different properties [1]. Bi2Sr2CaCu2O8+δ 
(BSCCO-2212) is one of the most studied high-Tc superconductors in which, depending on the hole 
doping, different quantum phases appear such as Mott insulator associated with an 
antiferromagnetic order, non-conventional superconductivity, strange metal or pseudo-gap phase 
[2]. 
   In this work, we have characterized the properties of exfoliated BSCCO-2212 flakes with 
thickness between 20 nm and 100 nm, with the final aim of fabricating van der Waals 
heterostructures based on high-Tc superconductors. BSCCO-2212 loses its superconducting 
properties and becomes an insulator under environmental fabrication conditions [3]. In order to 
avoid the superconducting phase degradation different fabrication processes have been considered 
including optical lithography, electron beam lithography and viscoelastic stamping on pre-patterned 
electrodes in controlled N2 atmosphere. Different optical characterization techniques were used to 
study the structural properties of the flakes, including optical contrast to study how the apparent 
color is related with the thickness of the material. By means of Raman spectroscopy, we have 
investigated how the superconducting phase degradation affects the structural properties of 
different thickness exfoliated flakes. Finally, by magneto-transport measurements as a function of 
temperature and in presence of high magnetic fields, their electrical properties have been studied, 
showing that, depending on the fabrication process and the exposure to ambient conditions, the 
flakes exhibit either superconducting or insulating behavior. 
 
[1] Basov, D.N. et al., Nature materials 16, 1077-1088 (2017)  
[2] Keimer B. et al., Nature 518, 179-186 (2015) 
[3] Yu Y. et al., Nature 575,156-163 (2019)  
 

 
 
Figure 1: A) Exfoliated BSCCO-2212 flakes on SiO2/Si substrate and scale bar relating color to thickness. B) 
Superconducting transition of a BSCCO-2212 flake exfoliated on top of pre-patterned electrodes.  
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Using a Controlled Break Junction based on a Scanning Tunneling Microscope we can follow the 
evolution of the electrical capacitance as two electrodes are brought together. At large distances 
the capacitance increases following a classical behavior that can be described through the 
electrostatic analysis as derived from the geometrical characteristics of the electrodes. At shorter 
interelectrode distances a saturation of the capacitance, due to the consideration of the Quantum 
Capacitance of the system, is observed, followed by its exponential decrease from the tunneling 
leakage of charges through the junction. All the behavior above can be understood by Bütiker’s 
theory for the capacitance in quantum systems [1-3]. 
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Figure 1: Evolution of capacitance with the interelectrode distance as understood by Bütiker’s theory  
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Superconducting nanowire single-photon detectors (SNSPDs) exhibit extremely high timing 
performance and sensitivity [1][2]. Nevertheless, their operating temperature is restricted to low 
temperatures (T < 10 K), increasing the cost and operation complexity [2]. In an SNSPD, a 
voltage pulse is obtained when a photon hits the nanowire, and it breaks Cooper pairs, generating 
a hotspot with a finite resistance. These detectors exhibit low dark count rate (DCR), low jitter, 
high detection efficiency, fast time response and polarization sensitivity. However, they have 
limitations related to the latching and reset dead time, and some frequency bands are not 
accessible due to constraints imposed by the superconducting bandgap [2]. Our objective is to 
manufacture hybrid systems based on conventional superconductors and graphene. Graphene 
would quickly release the thermal energy of the hotspot and lessen the latching effects due to its 
high thermal conductivity as well as expand the detection limit acting as an absorbent.  
 
The NbTiN nanowires are produced via DC reactive magnetron sputtering with a thickness of 25 
nm and optical or electron beam lithography onto SiOx/Si substrate. Graphene is fabricated by 
chemical vapor deposition (CVD) and transferred on top of the nanowires. The characterization 
of the samples has been performed in a close-circuit cryostat setup (4 K). Preliminary results 
show a critical temperature (Tc) of 12.39 K in the NbTiN meanders without graphene. Both Tc 
and the critical current (Ic) show a shift towards lower values in the hybrid system which could 
be due to the superconducting proximity effect. In the IV curve of the hybrid system, we have 
observed an unstable region between the superconducting and non-superconducting state with a 
negative differential resistance, a significant reduction of the electrical hysteresis as well as 
several peaks. The dynamic response to pulsed light (488 nm) is up to 1 MHz and 800 kHz for 
meanders of the non-hybrid and hybrid systems, respectively. However, detection efficiency 
seems to be higher with graphene. 
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Figure 1: (a) Normalized RdT curves. (b) IV curves obtained at 3.8K of the NbTiN devices with and without 
graphene. Inset: Optical image of NbTiN meander with Graphene.  
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Magnetic carbon-based materials and nanostructures have recently emerged as promising 
candidates for applications in spintronics and quantum computation, thanks to several appealing 
properties, such as long spin coherence times and long-range spin interactions [1].  
 
While magnetism is missing among the properties of ideal graphene, an intrinsic spin 
polarization can develop in some graphene nanostructures with well-defined shapes, exhibiting 
an open-shell character, i.e., possessing one or more unpaired π-electrons.  The high reactivity 
of these systems makes their growth and characterization particularly challenging.  Recently, 
however, the advances of on-surface synthesis performed on metal substrates in ultra-high 
vacuum environments have allowed to fabricate open-shell carbon nanostructures with atomic 
precision and to investigate their electronic and magnetic properties by means of surface 
science techniques, such as scanning tunneling microscopy and spectroscopy. 
 
Here we report our results on the characterization of magnetic interactions in spin-hosting 
carbon nanostructures on metal substrates. Firstly, we investigate the interaction between the 
two spin centers of an organic diradical, derivative of the Chichibabin’s hydrocarbon, focusing 
on the influence of the molecular geometry on the spin coupling. Then, we present a more 
complex system, a triangulene-based hexamer, exhibiting fingerprints of collective spin 
excitations [2]. Our findings represent an important step towards the understanding and control 
of magnetic interactions within purely organic nanostructures. 
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Electron paramagnetic resonance (EPR) spectroscopy is a widely used tool to detect and 
characterize paramagnetic species, such as some metal ions and organic radicals, with applications 
in various science fields such as physics, chemistry, material science and medicine. However, 
conventional EPR systems only allow studying macroscopic samples because the spins couple only 
very weakly to the microwave photons [1]. The detection and identification of certain proteins and 
molecules in samples of biological and environmental interest is then limited by the low spin 
concentration in these materials. New alternatives are being investigated for pushing the detection 
limit to its minimum.  

Among them, using superconducting circuits as quantum sensors opens a new path for these 
developments. In fact, lumped element resonators (LERs), which consist of a series inductance-
capacitance circuit [2], can act as very high efficient microwave cavities. Through a correct circuit 
design, the microwave photon that the cavity generates can be localized within a microscopic 
volume, thereby pushing the limits of sensitivity of the EPR spectroscopy by several orders of 
magnitude. Moreover, frequency multiplexing and tuneability of LERs allow characterizing spin 
transitions in the low magnetic field regime and the simultaneous characterization of different 
samples in a single chip.   

As a proof of concept, we have developed an on-chip EPR device based on Nb superconducting 
LERs to sense the iron- and oxygen-binding protein metmyoglobin (Fe(III)-porphyrin) (from 
equine heart). We have checked the spectrometer sensitivity by depositing different amounts of 
these proteins on different LERs, going from microdroplets to a single molecular layer, deposited 
by means of dip pen nanolithography based on AFM. Low temperature spectroscopy measurements 
show that we can get weak coupling for all myoglobin protein samples. This sensitivity opens the 
path to the detection and characterization of micro-sized samples and even individual proteins. 
Further optimization of the LERs and pulsed measurements will be performed in order to develop 
a fully functional spectrometer for electron paramagnetic resonance characterization of 
microscopic samples.  
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Hybrid systems based on superconducting planar resonators strongly coupled to magnetic 
molecules are promising candidates for future large-scale quantum processors [1]. 
Superconducting microwave resonators allow the strong confinement of the electromagnetic 
fields mode volume, which is crucial for reaching a strong and coherent coupling with the spin 
qubits. However, achieving control over a few or single spins remains challenging. In this sense, 
two main issues need to be overcome. First, the cavity field effective volume needs to be further 
concentrated to maximize the addressability of a single spin in a controlled way. Second, as the 
microwave field is localized in a nanoscopic region, developing a method to deliver the magnetic 
sample with sufficient spatial accuracy is crucial. As a first approach, I. Gimeno et al. showed 
that reducing the width of a superconducting transmission line locally leads to an enhancement 
of the microwave magnetic field and, therefore, of the achieved coupling. Utilizing dip pen 
nanolithography, they can place nanodeposits in a controlled way, reducing the number of coupled 
spins by several orders of magnitude [2]. However, new approaches must be developed to achieve 
strong coupling to a single spin.   

We propose to downscale and reach the single-spin sensitivity limit by replacing the constriction 
of the superconducting resonator with a carbon nanotube (CNT). This approach presents two 
significant advantages: first, it concentrates further the microwave magnetic volume, increasing 
the coupling rate to a single spin; second, as CNT can be directly functionalized with molecular 
species [3], it allows addressing a single magnetic molecule in a localized position. Preliminary 
results of a hybrid superconducting/CNT resonator are presented, where the controlled 
positioning of the carbon nanotube on the nanometer scale has been achieved by dielectrophoresis 
[4]. Moreover, optimized superconducting lumped element resonators (LERs) have been 
developed and coupled to CNT functionalized with magnetic porphyrin rings (mMINT) to 
estimate its feasibility as qubits measuring its collective coupling and decay rates.  
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Nuclear spins are candidates to encode qubits or qudits due to their isolation from magnetic noise 
and potentially long coherence times. However, their weak coupling to external stimuli makes them 
hard to integrate into circuit quantum electrodynamics architectures, the leading technology for 
solid-state quantum processors. Here, we study the coupling of 173Yb(III) nuclear spin states in an 
|Yb(trensal)| molecule to superconducting cavities. Experiments have been performed on 
magnetically diluted single crystals placed on the inductors of lumped-element LC superconducting 
resonators with characteristic frequencies spanning the range of nuclear and electronic spin 
transitions. We achieve1 a high cooperative coupling to all electronic and most nuclear 
|173Yb(trensal)| spin transitions, a necessary ingredient for the implementation of qudit protocols 
with molecular spins using a hybrid architecture. 
 

 
 
Figure 1: Left: Illustration of a single crystal of Yb-trensal molecules coupled to a lumped-element superconducting 
resonator (top) and scheme of electronuclear spin levels in 173Yb-trensal (bottom). Right: 2D plots of microwave 
transmission experiments showing signatures of high cooperativity coupling of cavity photons to the 0-11 electronic 
spin transition (top) and to the 1-2 nuclear spin transition (bottom). 
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Three-dimensional topological insulators (TIs) are described by massless Dirac surface states and 
reduced carrier scattering, due to the presence of strong spin-orbit coupling and the time-reversal 
symmetry (TRS). Bi2Se3 is one of the most promising TI due to its relatively large bandgap (0.3 
eV[1]), which makes it the most suitable to work at room temperature. Recently, this material has 
been used to design materials exhibiting quantum anomalous Hall effect [1] and topological 
superconductivity [2], which are keys for the future of quantum computing.  These topological 
properties can be achieved by doping with specific elements, such as Cu or Sr [2] however, studies 
with other elements are scarce. Here, we use molecular beam epitaxy (MBE) to grow high-quality 
single-crystal films of Copper and Gallium-doped Bi2Se3. We report the effect of Ga doping with 
different concentrations on the structural, vibrational and electrical properties through XPS, 
Raman and XRD measurements, confirming the successful incorporation of the Ga [3] and Cu 
dopants. Through magneto transport measurements, we confirm that the n-type semiconductor 
character is maintained, while the bulk concentration is increased. Furthermore, a disappearance 
of the weak antilocalization effect (WAL) upon concentration suggest the suppression of the 
topological states. 
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Figure 1: (a) XRD diffractogram for the Bi2Se3 doped with Ga and WAL measurements for undoped and doped 
Bi2Se3 as a function of low magnetic field with the corresponding fittings by the HLN model (dashed lines). 
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We study thermal effects on spin-transport along a deformable helical molecule in the presence of
chiral-induced spin-orbit  coupling [1].  The carrier-lattice  interaction  is  modeled  by the well-
established  Peyrard-Bishop-Holstein  model  [2]  within  the  Langevin  approach  to  include

temperature as a stochastic noise. The carrier-lattice interaction causes the occurrence of polaron
states in the molecule. We demonstrate the existence of two well-differentiated spin-dependent
polaron transport regimes as a function of temperature. In the low-temperature regime, the spatial
separation of the two spin-dependent polaron wave-packets results in a nonzero spin current. On
the contrary, the spin current becomes negligible if the temperature of the system is high enough.

Finally,  we characterize this  transition and estimate the critical temperature at  which it  takes
place.  Our  results  become  relevant  within  the  frame  of  the  so-called  chiral-induced  spin
selectivity (CISS), a new intriguing phenomenon that has attracted a lot of attention regard helical
and other chiral organic molecules [3]. 
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Figure  1: Left  panel:  Planar  sketch  of  a  deformable  helical  molecule.  The  parameters  of  the  tight-binding
Hamiltonian and the carrier and the spin-orbit (SO) coupling between neighboring sites are shown. Right panel:

thermalized spin current for different values of the stacking potential parameter k as a function of temperature T. 
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Complex correlated oxides are quantum materials hosting a wide range of electronic groundstates 
with different functional properties controllable by external stimuli (magnetic/electric fields, light, 
strain etc). Doping level and strain states are sensitive knobs to tune the structure and composition 
of the oxygen sublattice which is strongly coupled to the electronic structure via crystal field 
splitting and valence band filling.  
 
Epitaxial (cube on cube) growth on single crystalline substrates imposes stringent restrictions to the 
strain configurations experimentally available. The recent success in releasing epitaxial oxides from 
the substrate has opened exciting opportunities to tailor strain beyond the limitations of the epitaxial 
process [1-2]. Yet, the final strain map -and its functional properties at the nanoscale- is determined 
by the presence of uncontrollable defects generated mainly during the growth process. 
 
Here we show a versatile technique to generate non-trivial strain patterns through the assembly of 
freestanding oxide layers. We will show that heterostructures combining ferroelectric freestanding 
BaTiO3 thin films feature periodic strain configurations that can be manipulated ad hoc during the 
assembly process. The manifold of completely new strain configurations is expected to yield 
profound changes in ground-state properties and responses of the correlated oxides. 
 
[1] R. Xu, J. Huang, E. S. Barnard, S. S. Hong, P. Singh, E. K. Wong, T. Jansen, V. Harbola, J. Xiao, 
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[2] S. S. Hong, M. Gu, M. Verma, V. Harbola, B. Y. Wang, D. Lu, A. Vailionis, Y. Hikita, R. 

Pentcheva, J. M. Rondinelli and H. Y. Wang, Science, 368, 71 (2020) 
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We study the electronic states in topological nanowires of narrow-gap semiconductors, such as 
PbTe or SnTe, with rough surfaces, using a continuous two-band model. We calculate the subband 
structure and identify topological conducting states located at the surface of the nanowire. In 
addition, a novel approach to study a nanowire with rough surface demonstrates that the topological 
surface states are mostly confined in the widest areas of the nanowire. This effect leads to a 
flattening of the subbands, thus raising the effective mass of carriers. Finally, we analyze the 
thermoelectric properties of the topological nanowires [1]. The reduction of the radius causes a 
noticeable enhancement of the thermoelectric efficiency due surface phonon scattering, as 
expected. However, we also observe that the appearance of topological surface states can play a 
detrimental role, reducing the thermoelectric efficiency. We conclude that, in addition to 
nanostructuring, the modulation of the radius of the nanowires, which partially suppress the 
conduction of the surface states, may be a potential strategy to improve the thermoelectric response 
of narrow-gap semiconductor nanowires. 
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Figures 

 
 
Figure 1: Energy spectra and probability density of a surface state in a rough nanowire of radii 𝑅 = 2.5 ℏ𝑣/Δ, 
roughness amplitude 𝛿𝑅 = ℏ𝑣/Δ and roughness period 𝐷 = 5ℏ𝑣/Δ. Subbands flatten when compared to a uniform 
nanowire, whose energy spectra is presented with dashed lines. Spatial probability density of a surface state is 
displayed. Its projection across the radial direction shows its localization next to the surface of the nanowire, as it 
also happens for a uniform nanowire, whose probability is displayed with dashed lines. Projection across the axial 
direction proves that surface states are mostly confined in the widest areas of the nanowire.  
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Quantum magnonics concerns the study of magnons, collective spin dynamics which 
propagate in magnetic materials as spin-waves or resonant modes, and takes them to the quantum 
limit of single-magnon excitations. Exploring their interaction with photons offers new possibilities 
to integrate them in quantum information systems, such as radiofrequency to optical signal 
transductors, microwave circulators, etc. With this aim, we must develop and study nanometric 
magnetic structures able to sustain localized excitations and to be coupled to photonic cavities or 
other quantum systems. The characterization of these structures [1] entails many complications: 
small and highly-localized magnetic moments need to be very well coupled to the sensor; magnonic 
modes in nanostructures are typically in the microwave range, so we need high time resolution and 
electronics suitable for high frequencies; systems must be studied at cryogenic temperatures around 
10 mK, where thermal energy approaches the energy of magnonic excitations; finally, strong 
magnetic fields must be applied to tune the resonance frequency of the different magnetostatic 
modes or to induce the nucleation/annihilation of magnetic textures. 

To meet all these conditions, we must use integrated superconducting circuits, able to 
operate in the radiofrequency regime without resistive losses, such as the SQUID (Superconducting 
Quantum Interference Device). Being among the most sensitive magnetometers to date, 
nanoSQUIDs may be scaled down to meet the coupling conditions and enhance sensitivity, being 
able detect the magnetic moment of individual nanoparticles. SQUIDs are typically only used in dc 
measurements, due to the highly specific amplification techniques they require, which limit their 
frequency scope. Nonetheless, the Josephson effect persists up to radiofrequencies, making the 
nanoSQUID suitable to measure magnetization dynamics associated to magnonic excitations when 
incorporated in the right setup. 

In this work we report on the fabrication and characterization of a nanoSQUID based on 
bicrystal grain boundary Josephson junctions in an epitaxially grown YBa2Cu3O7/MgO thin film 
[2,3] which show, at low temperatures, high sensitivity, small inductance, low white noise, high 
critical current density and high in-plane critical field incorporated into a transmission line 
structure. This configuration will allow us to measure, with the same device: (i) hysteresis cycles –
DC measurements –, (ii) relaxation and inversion dynamics –RF measurements – and (iii) 
ferromagnetic resonance. We use electronics and connectors suitable for RF and consider 
impedance matching in the superconducting circuit design in order to maximize the power transfer 
along the whole system. 
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Traces of Majorana zero modes in spin-polarized persistent currents.
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The quest for Majorana zero modes in the laboratory is an active field of research in condensed matter physics. In
this regard, there have been many theoretical  proposals to detect  them. However,  their experimental  detection
remains elusive. Here, we present a realistic setting by considering a quantum ring with strong Rashba spin-orbit
coupling and threaded by a magnetic flux, in contact with a topological superconducting nanowire. We focus on
spin-polarized persistent currents to assess the existence of Majorana zero modes. We also find that the Rashba
spin-orbit coupling allows for tuning the position of the zero energy crossings in the flux parameter space and has
sizable effects on spin-polarized persistent currents. We believe that our results might contribute towards probing
the existence of Majorana zero modes.

References

[1] Prada, E., Aguado, R. & San-Jose, P. Phys. Rev. B 96, 085418 (2017).
[2] Maiti, S. K., Dey, M., Sil, S., Chakrabarti, A. & Karmakar, S. N. EPL 95, 57008 (2011).
[3] Kitaev, A. Y. Physics-Uspekhi 44, 131 (2001).
[4] Ramos-Andrade,  J.  P.,  Orellana,  P.  A.  & Ulloa,  S.  E.  J.  Phys.:  Condens.  Matter 30,  045301

(2018).
[5] Medina, F.G., Martínez, D., Díaz-Fernández, Á., Domiguez-Adame, F., Rosales, L. & Orellana,

P. Sci Rep 12, 1071 (2022).

Figures

Figure 1: Schematic representation of the system under study. A nanowire driven into a superconducting regime 
supports a Majorana zero mode at each edge and influences the persistent currents of a quantum ring, threaded by a
magnetic flux.
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While topological phases of matter are not restricted to crystals, there is no efficient method for

predicting  which  amorphous  solids  are  topological.  In  order  to  enable  a  high-throughput
screening of amorphous topological materials, it is desirable to find a computationally efficient
quantity, compatible with first-principle calculations. In this work, we introduce the structural
spillage,  a  quantity  that  predicts  the  topological  state  of  an  unknown amorphous  state  by

comparing it to a known reference crystal. To illustrate its potential, we benchmark it using
tight-binding and first-principles calculations on two-dimensional amorphous Bismuth and its

bilayer, showing a transition between   and   phases. Our work sets the basis to
predict topological amorphous solids efficiently,  opening up a large material  class where to
explore topological phenomena.

Figure 1: 
(a) The spillage is high or low depending on whether a test wavefunction  is in the same or different topological 

state compared to a known reference wavefunction . 

(b) The spin-orbit spillage (Liu and Vanderbilt, PRB 2014) compares two crystalline wavefunctions with and 

without spin-orbit coupling. The structural spillage introduced in this work takes advantage of the knowledge of 
the topology of a crystal to find whether an amorphous solid is in a trivial or topological state.

(c) Example amorphous structure used for the Bismuth (111) bilayer model.
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Focused Ion Beam Induced Deposition (FIBID) is a direct-write resist-free nanolithography 
technique that enables the growth of high-resolution nano- and micro-structures. FIBID relies on 
a gas precursor that is injected into the area of interest and decomposed by a focused ion beam. 
Several precursors have been reported to produce superconducting deposits, as recently reviewed 
by us [1], among which W(CO)6 is the most popular one. Using W(CO)6, superconducting in-
plane nanowires with 20 nm lateral resolution have been achieved [2], as well as three-
dimensional superconducting helical nanowires [3]. In this contribution, we will present recent 
results on the fabrication of Josephson junctions and nanoSQUIDs based on FIBID-grown W-C 
deposits. First, results of W-C nanoSQUIDs patterned as two large pads connected by two short 
nanowires will be shown (Figure 1). In these devices, the critical current oscillates as a function 
of the externally-applied magnetic field, which results in a large output voltage to magnetic flux 
change (1.3 mV per magnetic flux quantum) [4]. Interestingly, these nanoSQUIDs can be 
implemented on a cantilever, which would find applications in scanning-SQUID technology. 
Secondly, experiments on Josephson Junctions (JJs) and nanoSQUIDs based on Bi2Se3 micro-
crystals and W-C superconducting contacts will be discussed. The obtained results indicate the 
coexistence of various oscillatory responses corresponding to the individual behaviour of the JJs 
and to the SQUID interferences [5]. 
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Figure 1: Sketch of the growth of a nanoSQUID based on W-C by FIBID, the resulting device and its response.  
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Persistent  current  qubits  are  usually  coupled  to  other  elements  via  magnetic  interactions.
However,  those interactions  alone are  only able  to  reproduce a  small  family  of  interacting

models.  In  order  to  enlarge this  family,  we have analysed the  capacitive coupling between
persistent current devices. First, we present a general theory to find the effective interaction in
the computational subspace, which works even in the ultra-strong coupling regime [1]. Then,
we investigate three superconducting circuits designs that, thanks to the capacitive coupling,
can emulate relevant low-energy Physics. The first one is a persistent-current qubit coupled to

an LC resonator, see Fig1 (a). We have found that, by adding standard magnetic coupling, this
system  can  simulate  unexplored  regimes  of  light-matter  interactions.  The  second  design
corresponds  to  two  flux  qubits  joined  via  a  capacitor,  see  Fig  (2)  pannel  (c).  By  adding
magnetic interactions again, it displays an ultrastrong non-stoquastic low-energy Hamiltonian.

In the last case, we explore a fluxonium qutrit  capacitively coupled to a waveguide, which
contains a quasi bound-state in the continuum with extremely long decaying times [2].
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Figure 1:   General coupling of two  superconducing loops (a) Circuit diagram for two superconducting qubits
coupled via a capacitor. (c) Circuit for a qubit and a resonator capacitively coupled. The  elemnts denoted by W in

the cirtuits is (b) and (c) are for two Josephson junctinos for the 3-Josephson junctions qubits . 
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Josephson junctions are the main constituents of superconducting quantum interference devices 

(SQUIDs), which combine the physical phenomena of flux quantization and Josephson tunneling. 

Due to their quantum behavior, they are fundamental elements in the development of quantum 

sensing and solid-state quantum computer. 

 

SQUIDs have the ability to perform ultrasensitive magnetic flux measurements at low temperatures 

and in a broad frequency bandwidth. Therefore, they are commonly found in instruments such as 

amplifiers, magnetometers or gradiometers used in quantum sensing applications [1]. As for 

quantum computing, their variable inductance makes them suitable devices to act as tunable 

couplers, allowing to control the coupling between several elements, such as qubit-qubit 

interactions or qubit-quantum bus interactions [2]. 

 

One of the main challenges in the design and reproducibility of such systems, is the strong control 

needed over the fabrication process of the SQUID. To that end, in this work we propose the 

fabrication of Nb-based nanobridge Josephson Junctions. The target area is protected by a Pt layer 

grown by focused-electron-beam-induced-deposition (FEBID) and Focused Ion Beam (FIB) 

patterning is done with I2 gas enhancing the etching rate and reducing the redeposited Nb. Higher 

control is achieved in the fabrication process attaining a better reproducibility rate. 
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Figure 1: Caption of a nanobridge Junction (left) and a SQUID (right) with Pt deposited. 
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Abstract: 2D materials become a hot topic in recent years due to its promising physical, 
electrical, chemical, and optical properties. Here we show that upon 50% chemical substitution 
of Te for Se, superconductivity and electronic ordering in the 2D 6R-NbSeTe are strongly 
suppressed. Our combined structural data, high energy and VUV ARPES and DFT calculations 
support the 6R structural phase, with a dominant dz2 and dxy+x2y2 character of the Nb bands at the 
Fermi level, which are barely affected by the Se-Te disorder. Magnetization measurements show 
a field dependent transition at ~60 K, without any anomaly in either resistivity or specific heat, 
pointing to a disorder induced short-range magnetic transition. These results highlight the effect 
of disorder to obliterate collective ground states in 2D materials and induced new quantum states 
of matter [1,2]. 
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Figure 1: ARPES data of the 6R-NbSeTe crystals. 
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The International Fusion Materials Irradiation Facility DEMO Oriented Neutron Source (IFMIF-
DONES) Project is one of the three pillars on which the Fusion Program is founded. Its main goal 
is to study the irradiation damage that different materials will experience within fusion reactors. A 
40 MeV, 125 mA deuteron accelerator will create a 14 MeV neutron flux of 1018 m2s1, which can 
produce displacement cascades and transmutation products, thus changing the macroscopical 
properties of the materials used to build the reactor. It is well-known that C impurities strongly 
affect defect evolution in Fe-based alloys [1]. Our goal hence is to determine where does C tend to 
locate in bcc Fe lattices: grain boundaries, loops, cementite… To understand this, DFT is used to 
determine formation, migration and binding energies of several point defects and structures. 
A Fe bcc - cementite – a Fe and C compound found in all steels – interface is constructed in order 
to understand how defects behave in such grain boundaries, and whether they act as defect attractors 
or, on the contrary, they migrate away from the interface. 
Finally, the interface is characterized for paramagnetic cementite using Constrained DFT for 
noncollinear magnetism [2]. 
All these properties are studied using DFT as implemented in the Vienna Ab Initio Simulation 
Package (VASP) [3]. Projector-Augmented-Wave (PAW) Pseudopotentials are used to describe 
electron-core interactions. Perdew-Burke-Ernzerhof (PBE) exchange-correlation functional is used 
[4] within the generalized gradient approximation (GGA). 
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In this work, we present the design and fabrication of a micro positioner [1] based on two 
complementary approaches. The first one employs capacitive actuators to implement movement 
in the x-y plane [2]. On the other hand, C-MOS compatible piezoelectric materials will be used 
to control the displacement along the z axis [3]. Here we present preliminary simulations 
performed with COMSOL Multiphysics that allow us to fine tune the geometrical parameters of 
the positioner considering different types of materials. In addition to that, simulations are used to 
estimate the resistance, Von Mises stress, shear forces, torsion forces and elastic constant which 
serve to calculate the final effective displacement and response of the device. The resulting micro 
positioners will be combined with ultrasensitive magnetic sensors such nanoSQUIDs 
(Superconducting QUantum Interference Devices) [4]. In this way, it will be possible to displace 
nanometric samples in close vicinity to the most sensitive regions of the nanoSQUID, to perform 
scanning magnetic imaging and reference measurements. In this poster, we present the progress 
made so far in this doctoral thesis work. 
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We have developed an apparatus for fine control of the motion of a superconducting sphere. The 
sphere can levitate in the bulk of a superfluid and is promising to be suitable for a wide range of 
measurements in both superfluid 4He and 3He [1]. Our finite elements analysis shows that the 
sphere can be driven in oscillatory motion, which will make a connection with numerous previous 
experiments in superfluids. Most importantly, the sphere can be made to move at a uniform 
velocity in a circle as well as in a straight line. This opens a whole new multitude of approaches 
to quantitative studies of superfluid quantum matter, including the study of heat radiation and 
transfer for objects detached from the wall immersed in superfluid at ultra-low temperatures. We 
will study both theoretically and experimentally the heat emission and absorption of the sphere 
[2, 3] when placed in a 4He bath due to the phonon's excitations. 
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Figure 1: Superconducting ball levitating in superfluid 4He at 1.5 K. 
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I will discuss the physics of a hybrid superconductor-semiconductor qubit device [1] in which the 
Josephson effect is controlled by a gate-defined quantum dot in an InAs/Al nanowire. Microwave 
spectroscopy in such transmon circuit allows  to probe the ground state parity of the quantum dot 
Josephson junction as a function of gate voltages, external magnetic flux, and magnetic field 
[2]. The measured parity phase diagram is in very good agreement with that predicted by the 
superconducting single-impurity Anderson model. This allows to tune the hybrid superconductor-
semiconductor transmon device to be in a spin-1/2 ground state with an unpaired quasiparticle. 
Interestingly, a finite spin-orbit coupling results in two flux-sensitive branches in the transmon 
spectrum, depending on the spin of the quasi-particle. Manipulation and control of a direct spin-
flip transition using all-electrical control [3] enables the implementation of a novel Andreev spin 
qubit. Embeding the Andreev spin qubit in a superconducting transmon qubit, allows to 
demonstrate strong coherent qubit-qubit coupling [4].   
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Spin Relaxation in corrugated Graphene 
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Controlling  spin  relaxation  rate  is  important  to  design  devices  intended  to  be  applied  in
spintronics. Since spin injection and detection was demonstrated, graphene has been considered

to be applied for spintronic devices. One reason is its low spin-orbit coupling, that allows spin to
travel further while can be modified via proximity effect with other materials (such as TMDs).
However, studies report spin relaxation times orders of magnitude lower than predicted by theory.
This could be due to the appearance of “local” spin orbit coupling due to ripples as reported by
Guinea et al. [2]. Here we develop a KPM (Kernel Polynomial Method) real space approach [1]

study to estimate the contribution of corrugation to the spin dynamics of a corrugated graphene
sample in a wide range of gate voltages and make a discussion based on the main spin relaxation
processes known.
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Figures

 

Figure 1: Spin relaxation time for a corrugated graphene sample and characterization of the sample. Left figure 
curvature profile where blue is for negative curvature and red for positive curvature and right figure is a spin 

relaxation graph fitted with an exponential decay used to obtain relaxation time
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We study an effective integrable nonlinear model describing an electron moving along the axis 
of a deformable helical molecule. The helical conformation of dipoles in the molecular backbone 
induces an unconventional Rashba-like interaction that couples the electron spin with its linear 
momentum. In addition, a focusing nonlinearity arises from the electron-lattice interaction, 
enabling the formation of a variety of stable solitons such as bright solitons, breathers, and rogue 
waves. A thorough study of the soliton solutions for both focusing and defocusing nonlinear 
interaction is presented and discussed 
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Figure 1: Generalization of the Kuznetsov-Ma breather 
 
Figure 1: Generalization of the Akhmediev breather 
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Graphene holds significant promise for a variety of applications. In particular, graphene 
photodetectors have been shown to be very fast, highly sensitive, and consume minimal power, 
making them extremely promising for next-generation optical communication technologies [1]. 
 
Hot electrons – electrons whose temperature is higher than the surrounding lattice – play a 
fundamental role in such graphene photodetectors. A variety of theories and measurements have 
been developed and conducted to understand the main factors controlling the dynamics and 
relaxation of hot carriers in graphene, but fundamental questions remain to be examined [2]. 
 
In this talk, we present our development of a numerical simulation tool that can capture the 
dynamics of hot carriers in graphene with arbitrary lattice vibrations, defects, and disorder. Our 
methods are linear-scaling, meaning we can simulate systems with millions of atoms – this 
permits an atomic description of the system while allowing for system sizes that approach the 
experimental scale. Such a tool will allow for a deeper fundamental understanding of hot carrier 
dynamics in graphene, as well as reveal strategies for the control of such dynamics, with an eye 
toward future applications in photodetection, optical communications, and energy conversion. 
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Figure 1: schematic representation of the self-consistency cycle for the atomistic simulation of coupled charge and 
ion dynamics 



Metal-Protein-Metal Junctions: Electron Transport and Mechanical
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Proteins have proven to be promising candidates for molecular electronics, showing in some
cases much higher conductance than one would naively expect from their size. In particular, the
blue-copper  azurin  extracted  from  Pseudomonas  aeruginosa  has  been  the  subject  of  many
experimental studies, although the exact transport mechanism is still under debate. Here I will

present our efforts towards understanding the origin of such interesting effects from a theoretical
perspective, analyzing both the electronic structure and the geometrical arrangement [1-6]. 
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Figure 1: Gold-protein-gold junction based on the blue-copper azurin from Pseudomonas Aeruginosa. 
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a) dt-s = 3.79 nm b) dt-s = 2.54 nm c) dt-s = 2.17 nm

dt-s

d)

Figure2: (a-c) Threeof thejunction geometriesobtained during thesimulationsof an STM

tip indentation. They are labeled according to the tip-surfacedistances (dt−s). Thedt−s is
defined as the di↵erence between the z coordinate of the bottommost tip layer geometric
center and the uppermost surface layer geometric center (see schematic representation in

panel (a)) (d) Transmission at the Fermi energy as a function of the tip-sample distance
(filled circles) for a series of geometries obtained in the simulations of the tip indentation.

The di↵erent dashed lines correspond to an exponential decay, as indicated in the legend,

for di↵erent values of theattenuation factor β. Theparameter values are: ⌧0 = 2.89⇥10−10

and d0 = 2.17nm.

by simulating a lateral indentation of the tip (Figure 3). In this example, we set the tip-

surfacedistanceto about 2 nmandmove laterally thetip to contact theprotein (seeSI for

further details). Asonecan seein Figure3d, all transmission resonancesappear to bequite

sharp as in theprevious cases. As for thetransmission at theFermi level, thehigher values

11
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A quantum spin liquid (QSL)[1] is an elusive state of spin matter characterized by the absence of 
long-range magnetic order, even at zero temperature, and by the presence of exotic quasiparticle 
excitations. In spite of their relevance for quantum communication, topological quantum 
computation and the understanding of strongly correlated systems, like high-temperature 
superconductors, the unequivocal experimental identification of materials behaving as QSLs 
remains challenging. Here, we present a novel 2D heterometallic magnetically-diluted oxalate 
complex meeting all key requirements to become a QSL: a low spin ground state, determined by 
spin-orbit coupling, a magnetically-frustrated triangular lattice due to the presence of 
antiferromagnetic correlations , strongly suppressed direct exchange interactions and the presence 
of equivalent interfering superexchange paths between Co centres. A combination of specific heat 
and ac magnetic susceptibility measurements in a wide range of frequencies and temperatures 
show the presence of strong antiferromagnetic correlations concomitant with no signs of magnetic 
ordering down to 15 milliKelvin. These results show that magnetically diluted oxalates are 
therefore appealing QSL candidates as well as versatile systems to chemically fine tune key 
aspects of a QSL, like magnetic frustration and superexchange paths geometries. 
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Figure 1: (a) In-plane structure of the oxalate-based bimetallic layer. χ’T as a function of temperature. The two 
drops in χ’T can be reproduced by a model that includes an excited spin doublet and spin-spin antiferromagnetic 
interactions between neighbours (green cruve). (c) χ’ measured from 15.85 mHz (dark red) to 158 kHz (dark 
purple) and down to T = 15 mK. No magnetic order is observed down to the lowest temperatures. 
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The emergence of van der Waals heterostructures has paved the way for a “designer” approach, in 
which novel devices and new physics can be obtained by combining the properties of different two-
dimensional materials. Among the many possibilities in this context, heterostructures based on 
superconducting few-layer NbSe2 attract great interest for studying Josephson effects and the 
superconducting proximity effect in 2D systems [1]. Interestingly, recent work has reported on 
signatures of a topological superconducting phase in heterostructures based on NbSe2 and 2D 
ferromagnets [2]. Moreover, first demonstrations of magnetic vdW Josephson junctions have been 
recently reported using a similar material combination [3]–[6]. 
 
Motivated by the above developments, we present here our first steps towards the fabrication of 
heterostructures based on NbSe2, including our first attempts to fabricate Josephson junctions. In 
particular, we explore different ways to minimize residues and disorder in our samples which, we 
believe, is the culprit for not observing a conventional Fraunhofer interference pattern. We also 
report on our preliminary developments towards the fabrication of Josephson junctions with 
magnetic tunnel barriers. 
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Electronic transport experiments and topography images in Tellurium
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Thanks to the nature of the tellurium and its hexagonal lattice, it is possible to find parallel
helical structures, which usually are named as P3121 and P3221 chains. Recent studies in
tellurium nanowires have demonstrated that the chirality of these helicoidal structures has a
role  in the charge-to-spin conversion[1].

In this work, we pretend to find and characterize these tellurium helicoidal chains via
Scannelling Tunneling Break Junctions approach. However, as first steps, we have studied the
electronic transport of tellurium nanocontacts at different conditions of temperature and
pressure. Moreover we have used the STM topographic images in order to identify the facets
that show these chiral chains.

The main objective of our research is to elucidate the existence of Te helicoidal chains P3121
and P3221 through the analysis of conductance versus the relative displacement of the
electrodes.
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Figure 1: a) STM image of a Te  27 × 27 [nm] Bias 1.2 [V] . b) Conductance [Go] in function of Piezo Voltage in
Te obtain in STM-BJ
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We present scanning tunneling spectroscopy measurements in KFe2As2. This system is a 
superconductor with Tc=3.4 K, which is at the end of the Ba1-x KxFe2As2 series. It has been 
proposed to be a nodal superconductor [1]. The electronic effective mass is strongly enhanced 
due to the proximity to an orbital-selective Mott transition [1]. Here we make first STM 
measurements at very low temperatures and high magnetic fields [2]. At zero field, we identify a 
strong anisotropy of the superconducting gap. In the mixed state, we observe the vortex lattice at 
very large values of the magnetic field. We finally present measurements of the bandstructure in 
the superconducting and normal phases, obtained at zero magnetic field and at a magnetic field 
of 20 T from quasiparticle interference scattering. 
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The orthorhombic compound AuSn4 is compositionally similar to the nodal line semimetal PtSn4 
[1], which stands out due to reports connecting topological properties of its band structure with 
its huge magnetoresistance [2,3]. Contrary to PtSn4, AuSn4 is superconducting below Tc = 2.35 K 
[4]. Recent work presents indications for two-dimensional superconductivity and for weak anti-
localization [5] in magnetotransport in AuSn4. Here we measure the superconducting density of 
states and band structure of AuSn4 through Scanning Tunneling Microscopy (STM) and Angular 
Resolved Photoemission Spectroscopy (ARPES). We determine the shape of the superconducting 
density of states and the Fermi surface. We find several large circular electron pockets and a 
superconducting gap whose size (∆ = 0.46 meV) is close to the one expected from BCS theory. 
The band structure calculated with Density Functional Theory (DFT) follows well the results of 
ARPES, except that DFT shows a much more pronounced anisotropy. Furthermore, we observe 
superconducting features in the tunneling conductance up to temperatures about 20% larger than 
bulk Tc. We discuss the crystal structure of AuSn4 and show that, contrary to similar compounds 
as PtSn4, there are two possible stacking of Sn layers, giving two nearly degenerate polytypes. 
The presence of polytypes in a strongly three-dimensional metal makes AuSn4 a rather unique 
case where a variety of properties, mechanical and electronic, present features like those found 
in layered compounds. 
More information at https://arxiv.org/abs/2205.09975. 
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CeRu2Si2 is an archetypical heavy fermion compound with a large electronic specific heat at low 
temperatures and no magnetic order. Application of a magnetic field produces a polarized phase 
through a metamagnetic transition at 8 T. CeRh2Si2 presents AFM order below about 36 K. 
Ce(Ru0.92Rh0.08)2Si2 shows a combined behavior, with an antiferromagnetic phase (AFM) below 
5 K, which vanishes above 2.5 T, and a metamagnetic transition at 5.5 T. The electronic properties 
of Ce(Ru0.92Rh0.08)2Si2 are highly susceptible to a magnetic field, as shown by a strong magnetic 
field dependent specific heat and thermopower that changes sign with field. However, the 
magnetic field dependence of the electronic band structure is still unknown. Here we present 
atomically resolved tunneling spectroscopy studies in a millikelvin Scanning Tunneling 
Microscope across the magnetic phase diagram. We visualize directly atomic site dependent 
Kondo hybridization and show how the electronic band structure originates magnetic order. 
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Although Au is the “noblest of all the metals”, it presents strong bonds and forms many alloys 
with other metals. The particularly large length of bonds between Au atoms reduces the overlap 
between d-states, favoring metallic connections and explaining effects as aurophilicity, the 
tendency towards aggregation of Au containing molecules. Au-Au atomic size junctions can be 
studied by measuring the conductance between two Au electrodes using a Scanning Tunneling 
Microscope (STM) and approaching both electrodes in a controlled way. Atomic size contacts 
form and present conductance quantization at G0=h/2e2. Au-Au atomic size contacts form at 
particularly small conductance values, or equivalently at large Au-Au distances. Here we study 
Au-Au atomic size contacts under magnetic fields up to 20T. We show that the conductance for 
the formation of Au-Au junctions is increased by the magnetic field, evidencing a magnetic field 
induced reduction in the Au-Au distance. Furthermore, the conductance presents values smaller 
than the quantum of conductance G0=h/2e2 at high magnetic fields. Our data show that there is 
an unexpected influence of a magnetic field on Au d-electron states. We discuss spin transport 
under a magnetic field in small d-electron systems, and possible consequences of the observed 
behavior. 
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In a previous work [1], we showed that it is possible to train a neural network with the 
entanglement spectrum of a solid, to distinguish between trivial and topological phases of a 
model, even in presence of high structural disorder and gap closings. On the other hand, BixSb1-

x alloys are known to be topological insulators, both in 3d and 2d [2]. Then, we expect that as the 
alloy becomes amorphous, the alloy remains to be topological for some concentrations. We test 
this hypothesis computing the phase diagram for the 2d alloy as a function of disorder and 
concentration. For small disorder, the disorder itself produces the band inversion, effectively 
renormalizing the required spin-orbit coupling. We also characterize the alloys at strong disorder, 
where the material becomes gapless. 
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Figure 1: Topological phase diagram of 2d Bi as a function of disorder and spin-orbit coupling. 
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Mesoscopic superconducting islands in hybrid superconductor-semiconductor nanowires have 
been intensively studied in the context of topological superconductivity, motivated by their 
potential for the realization of a topological qubit [1]. Interesting experimental results have been 
reported in the past years, including a 2e-to-1e transition in the periodicity of Coulomb 
oscillations and a related dependence with the island length, which has been interpreted in favor 
of topology and of exponential protection of Majorana zero modes [2-4]. Theoretical work has 
also put forward proposals for employing islands for realizing a topological quantum computer 
[1]. Heating effects, however, have not been considered in the interpretation of the above 
experiments, nor has its impact been evaluated in the context of proposals for quantum devices.  
 
In this work, we study Joule heating in devices based on hybrid mesoscopic Al/InAs islands. To 
this end, we employ a technique that is able to detect the transition of superconducting parts of a 
hybrid device to the normal state [5]. Such transitions manifest as dips in the differential 
conductance, reflecting the suppression of Andreev excess current [6], and can be readily detected 
by employing typical DC measurement schemes. We use this signal as a tool to study the 
dissipation of heat generated by the Joule effect in mesoscopic islands. Interestingly, we show 
that the islands undergo a transition to the normal state at relatively low powers - ⁓100pW. We 
evaluate the impact of Joule heating for typical device operation conditions. 
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A detailed Raman spectroscopy study of the lattice phonon modes and magnetic excitations in 

Cr2O3 nanocrystals with two different average sizes, in which the interplay between lattice 

dynamics and magnetism has been performed. Besides the spectral features characteristic of this 

antiferromagnetic material, small lattice distortions that precede magnetic ordering are also 

identified. Namely, we observe a general decrease of the phonon frequencies upon increasing the 

laser power (and therefore the local temperature) except for the Eg(2) phonon mode, which shows 

an increase of its frequency and provides direct evidence of the coupling between the crystal lattice 

and spin configuration. We associate this spin-phonon coupling to a variation of the Cr-O-Cr 

angle/distance and, consequently, to a modulation of the local short-range magnetic order, which is 

observed to persist well above the onset of the Néel transition temperature.  
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Spin-orbit coupling gives rise to a range of spin-charge interconversion phenomena in non-
magnetic systems where certain spatial symmetries are absent. Chirality-induced spin selectivity 
(CISS), a term that generically refers to a spin-dependent electron transfer in non-magnetic chiral 
systems, is one such case; appearing in a variety of seemingly unrelated situations ranging from 
inorganic materials to molecular devices. In particular, the origin of CISS in molecular junctions is 
a matter of an intense current debate [1,2]. Here we contend that CISS can be generally and fully 
understood on the basis of a symmetry analysis of the complete molecular junction, and not only 
of the molecule. Our approach, which draws on the use of point-group symmetries within the 
scattering formalism for transport, shows that electrode symmetries are as important as those of the 
molecule when it comes to the appearance of CISS. It turns out that standalone metallic 
nanocontacts can exhibit spin-polarization when relative rotations which reduce the symmetry are 
introduced. As a corollary, molecular junctions with achiral molecules can also exhibit spin 
polarization along the direction of transport, provided that the whole junction is chiral in some way. 
This formalism also allows to predict the qualitative changes on the spin-polarization upon 
substitution of a chiral molecule in the junction with its enantiomeric partner. Quantum transport 
calculations based on density-functional theory corroborate all of our predictions and provide 
further quantitative insight. 
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Figures 
 

 
Figure 1a: The spin-polarization of the outgoing current is in principle a rather general feature, but due to the 
presence of certain spatial symmetries (indicated below each pair of contacts) it is forbidden in junctions with 
some specific point groups. Figure 1b: The qualitative role of the molecule is the reduction of the symmetry of the 
system, hence its anchoring is crucial to the induction of spin-polarization. The direction of this vector quantity is 
determined by the spatial symmetries of the junction.  
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The discovery of bright emission in two-dimensional (2D) monolayer transition metal dichalcogenides 
opened new avenues for the development of an ultracompact and flexible technological platform [1]. 
Moreover, it has been shown that their optical properties can be improved significantly by embedding 
them between high band-gap hexagonal boron nitride 2D crystals [2]. For many applications in photonics, 
it would be very interesting to pattern sandwiched hBN/WSe2/hBN heterostructures with desired shapes 
while preserving their optical quality. It is particularly interesting the possibility of fabricating confined 
pillar-like structures where single photon emitters by quantum confinement or defect engineering could 
be fabricated. 
 
In this work, we have fabricated pillar hBN/WSe2/hBN structures with high optical quality as shown by 
micro-photoluminescence. Interestingly, our preliminary results show a similar intensity and emission 
energy in all the patterned pillars in contrast with the pristine sandwiched heterostructure that present 
variable strain-related emission energy shifts at different positions. Our results might open interesting 
possibilities for the fabrication of nanostructures based on 2D optical active materials, including site-
controlled quantum emitters [3]. 
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Plasmonic rectification of terahertz (THz) radiation is of great importance for the development of 
high-speed devices for THz technology [1,2]. Plasmonic rectifiers can be used to design efficient, 
sensitive, and compact devices that could operate at THz frequencies. In the present paper we report 
on THz rectification at 288 GHz by using an asymmetric dual grating field effect transistor based 
on an h-BN encapsulated graphene layer (Fig1-(a)). Photocurrent was measured at 1.7K at different 
top gate biases from 1 to -1V as shown in figure 1-(b) & (c). The first maximum was observed 
around the Dirac point as reported by other authors and a second one was observed around VBG=1V 
at VTG=0V. This peak has been tuned with the top gate to VBG=8V for VTG=-0.6V and to VBG=-10V 
for VTG=-1V. By biasing the metallic top and back gates, n and p type regions are created along 
the channel and above the gate fingers. The rectification of the incident THz light is interpreted 
as due to the plasmonic electron-hole ratchet mechanism in the graphene np junctions. 
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Figure 1: (a) Microscope photo of the ADGG-GFET and the measured photocurrent versus the back gate under 
excitation of 288GHz and at 1.7K for (b) positive top gates biases and (b) negative top gate bias 
 
Acknowledgments  
This research was supported by the Ministerio de Ciencia, Innovación y Universidades of Spain and FEDER under 
the Research Grants numbers PID2021-126483OB-I00, RTI2018-097180-B-100, and FEDER/Junta de Castilla y 
León Research Grant number SA121P20 and the Universidad de Salamanca Research Program under Grant Number 
PIC2-2021-02. The work was also supported by the Terahertz Occitanie Platform, by the CNRS through IRP 
“TeraMIR”, by the French Agence Nationale pour la Recherche for Colector (ANR-19-CE30-0032), and Equipex+ 
Hybat (ANR-21 -ESRE-0026) projects. J.A.D-N thanks the support from the Universidad de Salamanca for the 
María Zambrano postdoctoral grant funded by the Next Generation EU Funding for the Requalification of the 
Spanish University System 2021–23, Spanish Ministry of Universities." 


