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Abstract

Halide perovskites have rapidly emerged as a leading class of semiconductors for low-
cost, high-efficiency optoelectronic technologies. In this talk, I will cover the early days of 
this intriguing family of materials, connecting their unique properties with concepts 
traditionally introduced in textbooks on well-established photovoltaic technologies. We 
will see how the characteristics that initially posed enormous challenges to the field are 
now exploited to enable more versatile and resilient devices. Finally, I will put these 
developments into perspective and discuss the key next steps required for our research 
community to achieve tangible impact in real-world applications.

https://urldefense.com/v3/__https:/smslab.es/__;!!D9dNQwwGXtA!SujdFMQChGkic0Bb7n3vHMU1bUWjbkNfp3a7qf59A2c9KmnoklIil_vhTQsJUXJTfPrA91LlfU9PEZNLHg$




 

 

 

Building Unconventional Magnetic Phases on 

Graphene by H Atom Manipulation: From 

Altermagnets to Lieb Ferrimagnets 

B. Viña-Bausá¹, M. A. García-Blázquez¹, S. Chourasia¹, R. Carrasco¹, D. Expósito¹,  

I. Brihuega¹², J. J. Palacios¹² 

¹ Departamento de Física de la Materia Condensada, Universidad Autónoma de Madrid, E-

28049 Madrid, Spain 

² Instituto Nicolás Cabrera (INC)& Condensed Matter Physics Center (IFIMAC), Universidad 

Autónoma de Madrid, E-28049 Madrid, Spain 

Email: beatriz.vina@uam.es 

Abstract 

Engineering all magnetic phases within a single material platform would mark a significant 

milestone in materials science, simplifying device fabrication by eliminating the need for 

the integration of different materials. Here [1], we demonstrate that graphene can host all 

nonrelativistic magnetic phases─diamagnetism, paramagnetism, ferromagnetism, 

antiferromagnetism, ferrimagnetism, altermagnetism, and fully compensated 

ferrimagnetism─using single H atoms as building blocks [2,3]. Their magnetic character 

is confirmed by density functional theory and mean-field Hubbard calculations. Notably, 

altermagnetism [4] can be realized, exhibiting directionally spin-split bands coexisting with 

zero net magnetization due to spatial symmetries. Furthermore, fully compensated 

ferrimagnets can be created, lacking these symmetries and presenting unrestricted spin-

splitting, with vanishing net magnetization protected by Lieb’s theorem [5]. We take this 

idea to the laboratory and, through the precise manipulation of H atoms by scanning 

tunneling microscopy, experimentally create isolated unit cells of all magnetic phases. 

These findings open the door to the bottom-up design of magnetic phases via symmetry 

selection. 

 

Figure. Bottom-up construction of an altermagnet unit cell in hydrogenated graphene.  

a) Symmetry scheme and spin group. b) STM image of an altermagnetic configuration. 

a)         b)   c)         d) 
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Abstract

Understanding light-matter interactions plays a fundamental role in quantum optics and
its technological applications. Although recent developments successfully model
complex light-matter interaction systems within a quantized framework1,2, atoms driven
by intense light fields are still commonly treated within a semiclassical approximation,
and the quantum properties of the emitted radiation remain largely unexplored3.

In this work, we study a simple model system consisting of a 1D hydrogen atom
interacting with a quantized electromagnetic mode of an optical cavity, within the strong-
coupling regime. This interaction gives rise to hybrid light–matter eigenstates named
polaritons.

Using the QuantumOptics.jl package to perform numerical simulations, we reproduce an
ultrafast transient absorption spectroscopy experiment by exciting the atom with a
femtosecond-scale pump laser pulse that creates a temporary non-equilibrium state and
then probing the system with a second similar delayed pulse to monitor the ionization.

This approach allows us to study the dynamics of the system with high temporal
resolution and to observe the signature of vacuum Rabi oscillations initiated by the pump
pulse by monitoring the delay-dependent total ionization yield. We apply this approach
under different conditions in order to characterize the underlying physics.

Our results help bridge the gap between quantum optical models based on few-level
systems and strong-field physics based on semiclassical light-matter interactions.
Although simplified, our model captures the essential physics and serves as a starting
point for more complex models that accurately describe realistic nanophotonic devices.
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Single-layer mono-elemental two-dimensional (2D) materials, frequently known as 

“xenes”, have emerged as a highly promising platform for both fundamental research and 

applications, owing to their unique structural, electronic, and spin-dependent 

properties [1]. Antimonene, a monolayer of antimony, is a prototypical example of this 

class [2]. In bulk, Sb crystallizes in a layered structure stabilized by van der Waals 

interactions. In its 2D form, antimonene exhibits high carrier mobility and a strongly layer-

dependent electronic structure: it behaves as an indirect-gap semiconductor (~2.28 eV) in 

the monolayer limit, a 2D topological insulator for three to four layers, and a 3D topological 

semimetal beyond seven layers.  

In our work, we have successfully grown epitaxial monolayer and few-layer antimonene 

in situ by Sb evaporation on InSe(0001), which gives rise to extended and structurally very 

well-ordered thin films. By combining angle-resolved and X-ray photoemission 

spectroscopy we have systematically studied the evolution of the electronic structure as 

a function of dimensionality, from a strict 2D limit to a more bulk-like regime (Fig. 1) as a 

function of thickness were experimentally determined. Our results, obtained from low-

energy band dispersions and Fermi surfaces, indicate that the electronic structure of 

epitaxial Sb films are strongly influenced by the substrate. The band dispersion near the 

Γ̅ point is significantly modified due to the compressive strain (∼3%) induced by the lattice 

mismatch between β-antimonene and the hexagonal InSe(0001) substrate, leading to a 

direct band gap. With increasing film thickness, we observe a clear evolution of the band 

structure, including the emergence of electron and hole pockets along Γ̅M̅ direction. The 

two distinct dispersive features at Γ̅ point close to the Fermi level, showing negligible kz 

dependence, are consistent with the formation of a topologically protected surface state 

(TPSS). These insights pave the path for future studies and applications of antimonene in 



 

 

optoelectronic and spintronic devices where a direct-gap and structurally stable 2D 

semiconductor is required. 

 

Figure 1. Valence band evolution of (a) InSe substrate, (a) 2 BL and (c) 4 BL of Sb. 
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Abstract 

The growing demand for highly sensitive, portable, and low-cost biosensing devices has 

motivated extensive research, particularly on the development of graphene field-effect 

transistor (GFET) biosensors. The performance of these devices strongly depends on the 

functionalization process. Therefore, we propose a controlled covalent functionalization 

process that allows the fabrication of ultra-highly sensitive biosensors based on the 

aptamer-protein biorecognition (aptasensors). To facilitate the early diagnosis of Retinitis 

Pigmentosa, a genetic disease that provokes progressive loss of vision, the performance 

of these aptasensors was tested to detect the HMGB-1 protein, which is involved in the 

early stages of the disease. These devices are remarkably efficient for analyte detection 

owing to their sensitivity to changes in the band structure of graphene. In particular, the 

Dirac point is highly susceptible to changes in the doping level, enabling attomolar 

detection of the target protein. Moreover, the reliability of the aptasensors’ 

functionalization and operation could be tested with micro-PIXE. 
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Interfaces between antiferromagnetic (AFM) and ferromagnetic (FM) materials are known 
to host complex magnetic interactions that can generate emergent behavior. These 
interactions can strongly influence the formation of magnetic textures, which is relevant 
for the development of AFM-based spintronic devices. Hematite is an AFM material that 
undergoes a temperature-controlled spin-flop transition: the Morin transition. This 
transition gives an extra degree of freedom to explore exchange coupling when paired 
with a FM layer. Wang, T. et al [1] reported changes in the magnetic properties of soft 
magnetic permalloy (Py) thin films grown on hematite: they show a remarkable change in 
coercivity across the Morin transition. This is attributed to the magnetic domain mixture of 
hematite across the Morin transition. Here we report the preliminary results of a study in 
the CIRCE beamline at Alba. We have carried out an XMCD analysis of Py thin films 
grown on epitaxial hematite, focused on the FM domains. After applying magnetic fields, 
we have observed that the texture of the FM domains is qualitatively different below and 
above the Morin transition, occurring at TM: the distribution of the dichroic contrast above 
TM indicates a larger diversity of the in-plane orientations of the magnetic moments. We 
propose that this is mainly due to the magnetic interactions at the AFM/FM interphase. 
Below TM, the AFM moments point perpendicular to the surface, while above TM the AFM 
moments lie along any of the 3 equivalent directions in the (0001) plane. Therefore, there 
is a larger and more diverse interaction with the FM moments of the Py.  

 

Fig. 1. XMCD images of the same area of permalloy on hematite below and above TM. 

[1] Wang, T.D., Basaran, A.C., El Hage, R., Li J., Navarro H., Torres, F.E., Rodríguez de la Fuente, O, 

Schuller, I.K. (2024). Coercivity enhancement in hematite/permalloy heterostructures across the Morin 
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Plasmonic nanoparticles play a key role in optical biomedical technologies owing to their strong interaction 

with electromagnetic radiation. Their ability to absorb or scatter light enables advanced techniques such as 

Photothermal Therapy (PTT) and Photoacoustic Imaging (PAI), both relying on localized heat generation to 

treat diseases or generate pressure waves for imaging.[1,2] Optimizing nanoparticle design to favor 

absorption over scattering enhances their function as optical heat actuators, offering promising routes for 

non-invasive and better resolved biomedicine. Through optical excitation, the heat release from these 

plasmonic nanoparticles is activated within specific spectral ranges. While most studies focus on the first 

biological window (BW-I, 700–980 nm [3]), the second window (BW-II, 1000–1350 nm [3]) offers superior 

tissue penetration, reduced scattering in biological tissues, making it particularly advantageous for PTT and 

PAI. Extending plasmonic resonances into BW-II requires precise morphological design. To achieve such, 

gold nanostars (GNSts) are ideal candidates due to their controllable anisotropic geometry and tunable 

plasmonic response. 

Applying a synthesis approach that allows tuning the plasmonic band throughout BW-II through 

differentiated geometrical design, we have studied the relative proportion of absorption-to-scattering within 

GNSts extinction spectrum. Thus, we have found the spectral dependence exhibited by the absorption-to-

scattering ratio, and how to finely tune such ratio through geometrical modifications, -achieved through 

selection of GNSts synthesis parameters. When promoting the GNSts features favoring absorption, the 

system reaches higher light-to-heat conversion. Importantly, cellular studies demonstrate efficient 

internalization of these GNSts in U-87MG glioblastoma cells, confirmed through dark field imaging, 

highlighting their potential for effective intracellular photothermal therapy. This new generation of optical 

actuators will be key to upgrading in vivo PAI and PTT, able to reach deeper into biomedical systems and 

to act with better-resolved performance. 

 

Figure 1. TEM images of blunter (left) and sharper (right) GNSts, synthesized with 44 nm seeds, 150 µL seed quantity, 1 mM HCl, 
and 29 nm seeds, 20 µL seed quantity, 160 mM HCl, respectively. The central panel shows the corresponding optical density spectra 
of each batch. 

[1] Ge, Xiaoguang, et al. New J. Chem. 43,23,8835-8851. (2019) 
[2] Fang C, et.al. Biomater. Sci. 9, 367-390. (2021) 
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Abstract 

The study and measurement of biological signals is a key area of investigation in Physics 
and Medicine to understand the body's electrical behavior and to identify heart, muscular 
or brain-related dysfunctions [1]. Advancements in open source biosensing technology 
offer new opportunities for customized data acquisition, especially regarding brain-
computer interfaces (BCI).  

In this study we explore the potential of OpenBCI hardware and software [2] to record 
biosignals from electroencephalography. This is a low-cost system using 32-bit ADS1299 
microprocessor with 8 differential input channels to collect signals with high gain and low 
noise. The application of this set-up for collection of visual evoked potentials has been 
already demonstrated [3]. The goal of this work is to detect signals in the “oddball” 
paradigm [4], where event-related potentials are triggered by rare and unpredictable 
events.  

We have implemented a 2-LED (red/green) system controlled by Arduino. Both LEDs are 
switched on alternatively according to tunable probability. User reacts to one of the colors 
and signals are detected with dry electrodes placed in specific brain locations. Precise 
event markers are added to data stream to allow synchronization between the stimulus 
and the biological response. We present here the first tests of the system, including data 
from eye movement and heart response. The application of these low-cost interfaces can 
increase the accessibility of diagnostic tools for brain diseases.  
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Atomically thin transition-metal dichalcogenides (TMDs) have emerged as a platform 
for nanophotonics and optoelectronics due to their unique spin-valley physics and 
strong light-matter interactions. We study the formation of excitons in TMD monolayers 
with binding energies reaching hundreds of meV [1]. We present numerical and 
experimental methods to characterize the excitonic response in a WSe2 monolayer. 

 

 

 

 

 

 

 

 

 
 

Experimentally, we study 2D excitons in TMD monolayers of WSe2, which present a 
direct bandgap with a high photoluminescence (PL) quantum yield [1]. Using non-
resonant excitation (532 nm laser), we characterize the exciton emission via power- 
and temperature-dependent PL spectroscopy. Future experiments will investigate the 
emission of interlayer excitons in a MoSe2/WSe2 heterostructure under resonant 
driving of the two intralayer excitons. From a modelling perspective, we describe 
monolayer excitons using an effective-mass framework. After analytically re-deriving 
the Rytova–Keldysh potential [2], we implement a numerical scheme for solving the 
exciton equation. This approach yields numerically exact binding energies and 
wavefunctions, and can be straightforwardly extended to compute trion properties and 
to treat more complex heterobilayer systems.  

 

[1] Q. Wang et al., Nature Nanotech 7, 699–712 (2012) 

[2] N. S. Rytova, Moscow University Physics Bulletin 3, 18 (1967). 

 
Fig. 1. PL spectra of monolayer WSe2 at T = 9.86 K under non-resonant excitation and different pump powers.  



 

 

 

Topological strongly correlated phases in 

orthorhombic diamond lattice compounds 

Javier Castro Luaces¹, Manuel Fernández López1, Antonio García Blázquez², Jorge Bravo-

Abad¹, Jaime Merino Troncoso1 

¹ Departamento de Física Teórica de la Materia Condensada, Condensed Matter Physics Center 

(IFIMAC) and Instituto Nicolás Cabrera, Universidad Autónoma de Madrid, Madrid 28049, Spain 

² Departamento de Física de la Materia Condensada, Universidad Autónoma de Madrid, Madrid 

28049, Spain 

Email: javier.castro@uam.es 

 

Abstract 

The interplay between electron correlations and 

topology is at the forefront of research in condensed 

matter physics. In this context, the recent 

experimental characterization of the organic salt 

(ET)Ag4(CN)5 as a Mott insulator that becomes a 

semimetal under high external pressures [1], 

combined with its simple band structure, makes it the 

ideal platform where to explore the Mott transition on 

a diamond-like material. 

The noninteracting phases found to be displayed by 

the salt in the noninteracting limit, in accordance with 

DFT calculations, are nodal line and Dirac 

semimetals, depending on the strength of spin-orbit 

interaction (SOI). Based on an extension of slave-

rotor mean-field theory which accounts for magnetic 

order, we find a transition from a semimetal to a 

paramagnetic Mott insulator at a critical onsite 

Coulomb repulsion Uc, which becomes Néel ordered 

at a larger Ucm>Uc (see Figure 1) [2]. The resulting 

intermediate Mott phase is a U(1) quantum spin liquid 

(QSL) consisting of spinons preserving the nodal 

structure of the nearby semimetallic phases. While 

the QSL can be regarded as a nodal-line Mott insulator (NLMI) in the absence of SOI, it 

behaves as a Dirac Mott insulator for nonzero SOI. Our results are relevant to recent 

Figure 1: Phase diagram U-λSOI 
at T=0 of (ET)Ag4(CN)5 from 

slave-rotor mean-field theory 
including magnetic order. λSOI>0 
induces a Dirac semimetal 
(DSM) at small U that becomes 
a Dirac Mott insulator (DMI) for U 
larger than Uc(λSOI) (lower black 

line) and smaller than Ucm(λSOI) 

(higher black line). At U>Ucm, AF 

Néel order arises in the system, 
becoming an antiferromagnetic 
Mott insulator (AFMI). 

 



 

 

observations in (ET)Ag4(CN)5 molecular compounds in which the ambient pressure Néel 

ordered Mott insulator is gradually suppressed until semimetallic behaviour arises at 

larger pressures.  
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Optical tweezers (OT) have shown to be a widely used tool in fields such as biology and 

physics, as they facilitate the manipulation of nanometer and micrometer elements [1]. 

At the same time, liquid crystals spiral phase plates are devices that have gained 

importance in recent years for the versatility with which it allows us to structure light, 

resulting in a vortex that transfers orbital angular momentum [2]. 

 The liquid crystal spiral phase plate used in this work is characterized by being 

able to switch versatilely between topological charges, from l=-36 to l=36, structuring the 

light into vortices of different sizes [3]. The aim of this project was to implement this 

device in an inverted optical tweezers set-up, where once the particles are trapped, they 

will be rotated using this device. 

Therefore, in this work we show how, after implementing a liquid crystal spiral phase 

plate in the set-up, light can be structured to pass from linear light to optical vortex light 

(Laguerre-Gaussian beam), where orbital angular momentum (OAM) is transferred to 

the Janus particles. In this way, the OAM transfer to Janus particles has been studied to 

characterize them. 
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Transition metal dichalcogenide (TMD) heterobilayers provide a robust quantum-optical 
platform, featuring long-lived, strongly bound excitons that couple efficiently to light [1,2]. 
When stacked with a twist, these heterobilayers form moiré superlattices that generate 
deep periodic potentials, localizing excitons in a lattice of quantum-dot-like traps [3]. New 
hybrid light–matter states emerge when moiré excitons collectively interact with a cavity 
photon mode, resulting in the formation of moiré polaritons (Fig. 1). This project explores 
the properties of moiré polariton quasiparticles, with the long-term goal of investigating 
collective quantum phenomena in these tunable arrays of interacting light–matter 
quasiparticles.  

 

Figure 1: (a) Schematic illustration of excitons at the corners of the Brillouin zone of a TMD monolayer. Adapted from 
[1]; (b) Schematic of an intralayer and interlayer exciton at a TMD heterobilayer. Adapted from [1]; (c) Schematic of 
the moiré polariton system, formed by excitons confined in a moiré lattice and coupled with a planar cavity. Adapted 

from [4]. 

After reviewing key achievements in the field, this work focuses on developing the 
theoretical framework required to address the final problem. We derive the microscopic 
properties of excitons, identify the regime in which they can be treated as bosons, 
incorporate strong light–matter coupling and finite cavity lifetimes, and establish a master-
equation framework to describe coupling to external baths, driving, and decay.  
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[2] E. Paik et al., Adv. Opt. Photon. 16, 1064 (2024). 
[3] D. Huang et al., Nat. Nanotechnol. 17, 227 (2022). 
[4] L. Zhang et al., Nature 591, 61 (2021).  

a)	 b)	 c)	



 

 

 

Plasmon-enhanced luminescence: the case of 

colloidal upconverting nanoparticle 

Fengchan Zhang¹, Manuel Romero², Thi Tuyen Ngo², Khouloud Hamraoui3, Gabriel Lozano2, Da

niel Jaque1, Patricia Haro González1  

¹ Nanomaterials for Bioimaging Group, Universidad Autónoma de Madrid, Madrid, Spain 

² Institute of Materials Science of Seville, University of Seville, Seville, Spain 
3 Universidad Complutense de Madrid, Madrid, Spain 

Email: fengchan.zhang@estudiante.uam.es 

 

Abstract 

The unique ability of lanthanide-doped upconverting nanoparticles (UCNPs) to convert 

infrared light into visible light holds considerable potential in various applications. 

However, their relatively low absorption cross-section and low quantum yield limit their 

brightness, hindering their practical utility. Previous studies have demonstrated that 

coupling UCNPs with plasmonic nanostructure can enhance their emission through 

localized surface plasmon resonance enhancement.[1] Nevertheless, colloidal UCNP in 

aqueous environments-typical for biological applications-is subject to Brownian motion, 

resulting in a reduced interaction between UCNP and plasmonic nanostructure, thereby 

limiting the luminescence enhancement effect.[2] 

To address this challenge, we propose to integrate optical tweezers with well-ordered gold 

nanoantenna arrays (gold nanopyramid with size of 140 nm and spacing of 190 nm). This 

strategy offers two primary advantages: (1) The excitation intensity is increased in an 

enhanced localized electromagnetic field (hot spot), leading to stronger upconversion 

emission. (2) The localized field enhances the optical trapping force that suppresses 

Brownian motion of the UCNP, leading to further improvement in luminescence intensity. 
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Two-dimensional transition metal dichalcogenides host strongly bound excitonic 

quasiparticles whose optical response can be tailored by external perturbations. Strain 

gradients, in particular, provide a powerful route to control exciton-trion conversion with 

nanometric precision, opening opportunities for excitonic circuitry. Here, we probe 

nanometrically localized strain fields in monolayer MoS2 transferred onto a linear chain of 

Ag nanoparticles on LiNbO3 substrates. The nanoparticle chain induces one-dimensional 

nanoscale strain gradients in the monolayer while its plasmonic resonance remains 

spectrally detuned from the MoS2 excitonic transitions, ensuring that the observed 

response arises purely from strain-induced effects. Room temperature spatially resolved 

photoluminescence shows strain-driven modifications of the excitonic response, 

consistent with the predicted strain distribution. However, at cryogenic temperatures, the 

trion-to-exciton emission ratio increases significantly, by around an order of magnitude, 

near the Ag nanoparticle chain. This indicates a highly efficient, nanometrically localized 

exciton-to-trion conversion mainly driven by the enhanced strain gradients and the 

increased funneling efficiency at cryogenic temperatures, where the relative role of drift, 

and hence funneling efficiency, increases at the nanoscale.  

The results provide direct experimental evidence of the effects of nanoscale, strain-driven 

trion manipulation at low temperature, achieved without the need for electric gates or 

advanced lithographic patterning, and underscores nanometer-wide wrinkles formed by 

the nanoparticle chain as a scalable and versatile strain-engineered platform for 

reconfigurable excitonic devices and quantum optoelectronics. 
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Abstract 

UTe2 is one of the most promising materials for exhibiting topological superconductivity. 

The intimate connection between bulk and boundary places the surface at the center of 

the debate on topological properties. Furthermore, previous surface measurements by 

Scanning Tunneling Microscopy (STM) show in UTe2 a puzzling charge density wave 

(CDW), apparently unrelated to the bulk [1,2]; chiral in-gap states [3] and signatures of a 

pair density wave [4]. Here we provide STM results on the UTe2 (011) surface, at 100 mK 

and under magnetic fields up to 20 T. We study the local density of states on atomically 

resolved topographies and a variety of steps [5]. We hope to shed some light on the 

relationship between these phenomena and the bulk band structure. 
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Abstract 
 

Metastable zinc nitride (Zn₃N₂) films are of high 
interest due to their tunable properties and 
tendency to oxidize under ambient conditions, 
leading to the formation of ZnO1 with 
interesting applications in biosensing2. To 
accurately study this transformation and its 
depth-dependent evolution, a precise 
elemental profiling technique is required. 
Elastic Recoil Detection Analysis with Time-of-
Flight detection (ERDA-TOF) provides a mass-
resolved approach suitable for simultaneous 
quantification of light and heavy elements. 

In this work, we investigate the depth composition of zinc nitride thin films subjected to 
controlled oxidation in a climate chamber. Samples were grown by RF magnetron sputtering 
and later analyzed using the ERDA-TOF beamline at CMAM (Madrid)3. Two different heavy-ion 
beams were used: 18 MeV ⁷⁹Br and 20 MeV ¹²⁷I. We compare the influence of the ion species 
on the depth profiles extracted from POTKU software4. The data revealed a progressive 
substitution of nitrogen by oxygen across the film thickness, as well as the incorporation of 
hydrogen and carbon. Additionally, elemental losses related to radiation damage were 
evaluated, with particular attention to their dependence on the ion stopping power.  

Our results demonstrate that the depth profiles obtained with both ions are compatible, as 
well as the elemental losses of light elements (H and N).  These results demonstrate the 
importance of beam selection in optimizing depth resolution and elemental sensitivity when 
analyzing complex oxynitride systems. 
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Fig. 1. ERDA-TOF spectrum of a Zn3N2 sample 
partially oxidated in a climate chamber. Oxygen 
replaces nitrogen in a top-down process. 18 MeV 
79Br4+. 
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Abstract 

Most Li-ion battery cathodes undergo volume changes during cycling, which affects the 

electrochemical performance and mechanical stability of batteries. Solid state batteries 

(SSLIB) worsen this issue due to the mechanical constraints between stacked 

components resulting from the intercalation of a rigid solid electrolyte (SE). Cyclic 

volume changes induce mechanical fatigue and lead to failures such as delamination at 

component interfaces. In this context, SSLIBs need cathodic materials (CAT) with small 

volumetric changes and/or strain accommodation mechanisms via composite cathode 

microstructure design. We focus on designing "zero-strain" CATs using material blends 

with opposite chemical expansion coefficients in various nanoscale structures to 

minimize volume changes. Our experiment aims to quantify cross-sectional stress 

distribution during lithiation and delithiation at different c-rates using X-ray 

nanodiffraction, revealing how CAT blend type and nanostructure correlate with electro-

chemo-mechanical behavior.  

Two different cathode materials are studied, ~500 nm thick layers of LCO and LFP, 

deposited on different substrates using pulse laser deposition (PLD), which have 

opposite chemical expansion. A bilayer sample is used, aiming to obtain a zero-strain 

cathode. 100 nm resolution spatial resolved nanodiffraction performed at ID13 

Nanofocus beamline in ESRF synchrotron allows us to look into the bilayer 

microstructure, chemical composition, phase distribution, and strain and stress mapping. 

This investigation into interfacial stress during cycling holds potential for advancing 

"zero-strain" cathode research. 
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