THE PROJECT

RAVEN is developing two innovative
miniaturised gas sensor modules—one
covering the VIS-SWIR range and the
other the MIR range—to detect multiple
pollutants and greenhouse gases (COz,
CO, Os, CHa, N20, CHsOH, NHs, NO2)
at ppb-level sensitivity. These modules
will be combined into a compact,
energy-efficient multi-sensing system
that leverages on-chip high-power
dual-supercontinuum light sources and
quantum-inspired data analysis for
enhanced selectivity and low power
consumption. This all-in-one solution
will help Europe meet the objectives of
the EU Green Deal while advancing the
bloc’s photonic technology capabilities.
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Welcome to the second RAVEN project
newsletter!

Since our last newsletter, partners across the
consortium have continued progressing key
technologies that support the development of
compact, high-sensitivity environmental sensing
systems. This phase of the project has focused
manufacturability,

on improving performance,
and integration readiness across the different
platforms that will ultimately form the complete

RAVEN sensing system. Recent work has
included advances in compact laser development,
integrated sensing chips, optical data processing,
and miniaturised MIR sensing technologies.

Supercontinuum Source Development

Development of the compact dual-wavelength pulsed laser
system has continued to progress steadily over the past
year. Recent work has resulted in a revised ultra-compact
laser architecture that incorporates integrated monitoring
photodiodes, improved thermal stability and future fibre-
coupling compatibility within a compact footprint. These
developments are intended to support easier integration
into future sensing systems as the project progresses.
Alongside the laser development, work has continued on
the nonlinear waveguide platforms that will be used for
supercontinuum generation. Different material systems

* ¥

Funded by
the European Union

* *
*

* 5 %

June 2026 - RAVEN Newsletter

Page 1

-3



and waveguide geometries have been evaluated
to better understand how to balance nonlinear
efficiency, spectral broadening capability and optical
robustness under high peak-power operation.
Researchers have also been investigating new
grating-coupler concepts designed to improve
optical injection efficiency and reduce the risk of
optical damage during coupling. This work has
been driven through PICOPHOTONICS (PICO)
has focusing on the laser architecture itself, and
BRIGHTERWAVE (B-WAVE) and UNIVERSITY
OF EASTERN FINLAND (UEF) have continuing to
develop and fabricate the waveguide platforms
and coupling approaches that will support future
supercontinuum generation experiments.

Bloch Surface Wave and Sensing Chip Development

Several important building blocks of the VIS-
SWIR sensing platform have continued to mature
over the past year. One of the most encouraging
developments has been the successful optical
characterisation of dielectric multilayer structures
designed to sustain Bloch Surface Waves (BSW).
Experimental measurements showed strong
agreement with theoretical modelling, confirming
the expected resonance behaviour at the targeted
sensing wavelengths. These structures form an
important part of the future sensing platform
and provide confidence in the underlying design
approach. Progress has also been made in the
development of the waveguides that will carry

light across the sensing chip. Straight and spiral
ion-exchanged waveguides have been fabricated

and characterised across broad wavelength
ranges, including the demonstration of long spiral
waveguides with low propagation losses. In parallel,
diffraction grating structures designed to couple
light between waveguides and BSW platforms
have successfully demonstrated initial excitation
and propagation of BSW. These advances have
been made possible through contributions from
the the Polytechnic University of Turin (POLITO),
Grenoble INP (G-INP), University Jean Monnet
Saint-Etienne and UEF, whose work together is
helping establish the foundations of the integrated
sensing chip platform.
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PICO: Ultra compact 1064nm seed laser

Si substrate

B-WAVE: Design of the grating coupler and supercontinuum
waveguide

Reference Arm Spiral Arm

G-INP: ion-exchange waveguide reference and spiral arms at
1.55 um

POLITO: representative image of the in-cpoupling and out-
coupling BSW mechanism
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Data Processing and Quantum-Inspired Analysis

While the sensing hardware continues to develop,
work is also progressing on the methods that will
process and interpret the data generated by the
RAVEN platform. Researchers have developed a
flexible data preprocessing framework capable of
combining filtering, signal correction, dimensionality
reduction and machine-learning approaches.
The framework is currently being validated using
synthetic datasets and publicly available spectral
databases while the integrated sensing hardware
continues to mature. Alongside this, development
has continued on ultra-compact photonic structures
intended to supportfutureon-chip optical processing.
Work has included integrated interferometers,
nanowaveguide splitters and taper architectures
designed to minimise optical losses and support
future integration activities. Researchers have also
continued exploring quantum-inspired sensing
concepts based on BSW systems. Early modelling
studies suggest that homodyne and heterodyne
detection approaches may offer advantages in
noisy operating conditions when compared with
conventional intensity-based measurements. At the
same time, the basic layout of the future detector
array has been established, representing another
step towards the eventual integration of the
complete data processing platform. These activities
bring together the expertise of nanoGUNE, UEF,
the University of Gdansk and VIGO Photonics,
each contributing different elements of the future
processing architecture.

MIR Sensor and Tunable Laser Development

Development of the MIR sensing platform has
continued across both the tunable laser and
photoacoustic sensing technologies that will form
the basis of future gas sensing demonstrations.
Recent work has included the fabrication and testing
of new gain chips and photonic integrated circuits
targeting wavelength regions relevant to methane
(CH4), nitrous oxide (N20) and carbon dioxide
(CO2) detection. Hybrid laser demonstrations have
achieved improvements in output power, energy
efficiency and device compactness compared with
earlier prototype generations. Progress has also
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been made towards fully packaged butterfly-
style laser modules incorporating optical coupling,
temperature stabilisation and electrical interfacing.
These developments are intended to support
upcoming system-level validation activities.
Alongside the laser platform, development of
the miniaturised photoacoustic sensing cell has
continued, with current efforts focused on improving
optical stability and advancing the supporting
software framework required for future integrated
gas sensing demonstrations. This work is being led
by Tampere University (TAU) and GASERA, whose
complementary activities are helping to advance
the different elements of the MIR sensing platform
towards future integration.

processing architecture.
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Integration and Validation Activities

As RAVEN technologies continue to mature, the
consortium is increasingly focusing on how the
different components will work together as part of
larger sensing systems. Initial integration planning
is underway across the VIS-SWIR sensing chips,
optical processing platform, packaging components,
software interfaces and data-handling frameworks.
Researchers from NGUNE, UEF and A2 Photonic
Sensors are developing advanced data-fusion
frameworks to combine outputs from VIS-SWIR and
MIR sensing modalities. This work will help assess
whether complementary datasets can improve
sensing performance and robustness compared with
individual sensing approaches alone, supporting the
project’s future integration and validation activities.

E
UPCOMING ACTIVITIES WILL FOGUS ON:

e Integrated VIS-SWIR sensing demonstrations

e Expansion of quantum-inspired data analysis methods
e Validation of compact MIR laser platforms

e Sensor fusion and multi-modal data processing

e Preparation for future operational validation activities

We hope you enjoyed this closer look
at the exciting progress made during
the first year of the RAVEN project!

Stay connected with us through our website
and social media channels for the latest
news, updates, and insights about our
project partners as we continue to push

the boundaries of environmental sensing
technology.

@ raven-sensors.eu
@ raven-sensors
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RAVEN Beyond the Lab

The RAVEN consortium continues to engage with
the wider photonics, sensing and environmental
monitoring communities. A key highlight was a
workshop jointly organised with the IBAIA project,
“FromLabtoField:Next-GenerationEnvironmental
Sensors”, held in Brest, France on 3-4 March 2026.
Researchers, technology developersandendusers
discussed emerging technologies, deployment
challenges and future applications. The workshop
reinforced the importance of involving end users
throughout development, highlighting that

reliability, ease of use, manageable maintenance
and clear outputs are just as important as
technical performance in bringing new sensors
from the laboratory into real-world use.

An invited expert talk sparked lively discussion.
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