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In Situ Correlative Facility for Advanced Energy Materials

• Catalan branch of program ´Materials with advanced functionalities for the new technological transformation´

• Budget 15 M€ (2.4 M€ for personnel).  Duration 3+ years (ended with 2025).
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(Scanning) Transmission Electron Microscopy – 
EM03-InCAEM STEM

• Spatial resolution down to < 50 pm at 300 kV - Double aberration correction 
• Fast high voltage switching - 30, 60, 80, 200, 300 kV
• Nanobeam electron diffraction (and 4D-STEM)
• Iliad EELS spectrometer - up to 5 different energy windows in parallel
• UltraX EDX detector 
• Monochromator – energy resolution down to 25 meV at 60 kV
• Near future: nanopulser (electrostatic beam blanker), Lorentz TEM

Núria Bagués

David Llorens, ICN2 
Saúl Estandía, ICMAB 

Helena Rabelo, ICN2 
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In situ TEM Holders

Lightning Arctic chip

10 µm

CAPABILITIES

Liquid nitrogen cooling

Variable temperature -180 ᵒC - 800 ᵒC

Biasing

Lightning Arctic 
(cooling, heating, biasing)

CAPABILITIES

Biasing

Controlled T RT - 1000 ⁰C

Gas flow rate 0.01 – 0.90 mL/min

Up to 2 bar

Climate chip

Sealing chip

Functional chip

Functional chip

100 µm

Infinity 
(fluids, heating, biasing)

Climate – Gas

CAPABILITIES

Controlled T RT - 100 ⁰C

Biasing potentiostat -10 V - +10 V

Liquid mode static/flow

Functional chip

50 µm

Stream – Liquid
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Scanning Probe Microscopy (SPM) platform

• Brand-new platform with the SPM



Environmental SPM instruments

Karol Bustos, 
ICMAB

• 2x FX40 Park multimodal AFMs
• Automated exchange 4 samples & 8 probes
• Contact mode, Dynamic mode, Friction Force 

Microscopy, Electrostatic Force Microscopy, Kelvin 
Probe Microscopy, Piezoresponse Force Microscopy, 
PinPoint AFM, Conductive AFM, Photoconductive 
measurements

Daniel Martin, 
ICMAB

SM02&03: AFM in air/N2/Ar atmosphere SM05: Environmental Photon SPM

• HORIBA LabRAM HR
• Combines: Confocal micro-Raman, AFM-coupled 

nano-Raman (TERS): chemical mapping (< 20 nm)
• Low-frequency filtering module (ultra-low 

wavenumber module, optical modes down to 5 cmˉ¹) 
for probing lattice vibrations and weak intermolecular 
interactions

Emigdio Chávez,
ICN2
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Ultra High Vacuum SPM instruments

• SPECS Aarthus 150
• Thin-film growth and pulse injection (surface science)
• Electronic structure and short-range interatomic 

interactions at surfaces
• Molecular-scale surface reactivity (organic-organic and 

organic-metal systems)
• Scanning Tunneling Microscopy (STM), non-contact AFM 

(Δf), Z-spectroscopy (Δf vs Z, I vs Z), Bias spectroscopy (I vs
V, dI/dV), Force spectroscopy, KPFM (Δf vs V)

In situ preparation
chamber

SM01: UHV SPM SM04: UHV Photon SPM
• CreaTec Fischer & Co. GmbH + femtosecond pulsed laser
• Sub-nanometer spatial resolution, picosecond temporal 

and spectral resolution
• STM, non-contact AFM, scanning probe spectroscopies 

(STS, IETS), photon and time-resolved spectroscopies 
(scanning tunnelling microscopy-induced luminescence, 
tip-enhanced photoluminescence/Raman spectroscopy, 
multi-photon correlation)

Anna Gribbon, 
ICN2

Marc G. Cuxart, 
ICN2 3/9 – Poster 97

Rogger Palacios, ICMAB
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Beamline-SPM adaptations for correlative experiments

Ar suitcase

UHV suitcase

Engraved platelets

Automapping
scope


Ra
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D. Martin-Jimenez, S. Ruiz-Gómez,  et al., Robust sliding-induced electrostatic domain patterns in exfoliated ReS2 flakes,2D Materials, in press (2026)

ReS₂

CIRCE-SPMs correlative example: 2D materials

LEEM

50 eV 

78eV 

LEED

Dark field LEEM

UV-PEEM



TEM holder adapter MIRAS FTIR & Raman

4-probe environmental
cell NCD GISAXS & AFMs

TEM holder adapter
hard x-ray beamlines

MIRAS 
rotating polarizer

Beamline adaptations for correlative experiments

Thin-conductive coatings
for SEM, PEEM, XAS

TEM tip adapters
MISTRAL TXM

3/9 
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Lower angle ADF-STEM

L. Gómez-Cruz et al., Correlative study of domain wall motion and pinning at low currents in vortex-like cylindrical nanowires, ACS Nano (2026)
https://doi.org/10.1021/acsnano.6c00987

MISTRAL-TEM correlative example: magnetic nanowires
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unintentional pinning

X
M

C
D

-T
X

M
A

D
F-

ST
EM

Same sample
Same location

Magnetic imaging
Chemical mapping

Crystallography

https://doi.org/10.1021/acsnano.6c00987


Beamline adaptations for correlative experiments:
NOTOS experimental station

Infinity Climate
TEM holder

Infinity Climate nanoreactor

X-ray transmission Co K fluorescence

Optical micrograph Co K-edge XANES

Hyperbolic KB mirror pair on ALBA nanobender mechanics

Dedicated sample environment Beam size 8x7 m2 (HxV FWHM)

103 x photon flux density

XAS

(simultaneous)
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Infrastructure & methods for data analysis

• High volume data transfer and storage at ALBA and PIC-IFAE

• Automated workflows for analysis of large datasets

a) Machine learning supported pipelines
b) High throughput, combinatorial studies
c) Multimodal and multi-lengthscale analysis in 2D and 3D
d) Simulations



POEM: Phase identification, Orientation & Elastic strain Mapping
ALBA Methodology & X-ray/TEM interface groups

NBED  BF EDS  Mn Kα

EDS  Mn Kα

Undeformed

Deformed

Marc Raventós-Tato, S. Leila Panahi, Núria Bagués, et al., 
Nanoscale mapping of phase-transformation pathways in medium-Mn TRIP steel by multimodal STEM arxiv.org/abs/2601.22407

Data acquisition: correlative NBED & EDS

NBED  BF

Phase & orientation map 
from joint segmentation

PHASE IPF 

Ferrite Austenite Martensite

Undeformed

Deformed

PHASE IPF 

Sample preparation: 
cross-sectional lamellae

MMn1000 steel 

DENT specimen

Undeformed

Deformed
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