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First space operations in
collaboration with NASA in:

1960 |

Public Research Agency
of the Spanish Ministry
of Defence.

o 1942

Current staff;

1500

Space activities staff:

500
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PLATO

ESA Cosmic Vision mission (M3)

Instituto
Nacional
de Técnica

Aercespacial B INTA responsibilities:
* Focal Plane Assembly
« Camera Assembly Thermal-vacuum functional

characterization (8 units)

Project founded by the Spanish Ministry of Science and Innovation ,
Optical bench & (STM) at OHB.

Pl: Miguel Mass Hesse (CSIC)

FPA Prototipo
(Credit:INTA)

FPA MTDs parts
(Credit:INTA)

FPA EM1 (Credit: FPA F-EM

Te2V)

(Credit:INTA)

FPA QM integrado.
(Credit:INTA) 5



EXOMARS - RLS
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‘é PanCam Geological context
J = ide-angle stereo camera pair Rover traverse planning

camera Atmospheric studies

WAC: 35° FOV, HRC: 5° FOV

Enys Bulk mineralogy of outcrops B -
IR spectrometer on mast Target selection Anal

A=09-32pm, 1° FOV i Mncrzlogy o fsotin
M|cr°mega of crushed sample material
VIS + IR spectrometer  pointing for other instruments

Microtexture of rocks

Geochemical composition
Detection of organic pigments
Mapping of subsurface

- Ground-penetrating radar stratigraphy

W, _ snm penetration, 2-cm resolution Broad-range, high sensitivity

LOMS + PyrDer GoMs e for organic

e Drill + Ma_MISS
' IR borehole spectrometer Laser desorption extraction and mass spectroscopy
Pyrolisis extraction, with or without denivatisation
A=04-22pm agents, coupled with chiral gas chromatography,
and mass spectroscopy
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wcprpie & paneiotge

Project founded by the Spanish Ministry of Science and Innovation
Pl: Olga Prieto Ballesteros.(CAB)




()) RAMAN SPECTROSCOPY
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What is Raman Vibrational

spectroscopy?

energy states

* v ‘ Y

Infrared  Rayleigh Stokes  Anti-Stoke
absorption scattering Raman Raman

scattering scattering

Mo =W s

Raman Scamening

A > A




(Z RAMAN LASER SPECTROMETER

Instituto » The ExoMars mission rover will be able to collect

Nacional

de Técnica samples from up to 2m below the surface, searching for

Aeroespacial

biosignatures of past Martian life.

» The collected samples will be analyzed by a suite of
instruments located in the Analytical Laboratory
Drawer (ALD) inside the rover.

> One of these instruments is the Raman Laser
Spectrometer (RLS), a modular Raman spectrometer
comprising three interconnected units:

= the Spectrometer Unit (SPU),

= the Internal Optical Head (iOH),
= the Instrument Control and Excitation Unit (ICEU).

» The Raman Laser Module (RLM), located inside the
instrument electronic box, is the RLS excitation source,
a diode-pumped solid-state laser emitting 20-30mW
at 532nm, with a narrow linewidth (<30pm) and high
side-mode suppression ratio (>20dB). 2018




RAMAN LASER MODULE
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Instituto

Nacional » Laser modules development has been a complex challenge led by INTA

de Técnica

Aeroespacial and achieved thanks to the active implication of many partners:

= Monocrom (Spain) and Fraunhofer Institute in Jena (Germany) for the
laser head, a AIN substrate with soldered optical components (resonator and
coupling optics).

= LIDAX (Spain) for the laser housing assembly, including laser head fixing,
thermal sensors, photodiodes and feedthroughs embedding and unit sealing.

= |RAP (France) for laser module key external parts, such as the thermo-
electric module (for tight thermal control), the fixation to the electronic box
baseplate and the complete laser electronics.

» Complete flight batch screened at INTA. Selected flight candidates fully
characterized and flight model finally delivered back in March 2018.

» Formal flight acceptance performed at next integration level, stil at RLS
level. Further environmental testing done at ALD and Rover levels.

» Flight unit checked at INTA during 2025 as part of the ExoMars
refurbishment activities: still excellent performance (almost 10yr after
manufacturing)




RAMAN LASER MODULE

Instituto » Thermo-electric module and embedded thermal sensors for tight (+/-0.1°C) thermal control so

Nacional

de Técnica that optical performance is stable.

Aeroespacial

» Sealed mechanical enclosure with optical and electrical hermetic feedthroughs plus
embedded photodiodes for power and autofocus signal monitoring. Laser package accounts for
559 out of 60g total mass.

» Laser head itself, with two redundant end-pumped laser
cavities with internal SHG plus secondary optics for laser beam
combining and routing to optical feedthrough (custom mini-AVIM
flange). Laser head is just 2g and 25x15x5mm.




RAMAN LASER MODULE - MANUFACTURING

Instituto » Complex task involving several providers and subcontractors and state-of-the-art assembling
Nacional . . . . .
techniques. Fraunhofer Institute laser based solderjet bumping technique at the core of the

de Técnica

ERAReRac development. All laser optical components soldered to the baseplate.

1,5mm




RAMAN LASER MODULE - MANUFACTURING

» Successful assembly involved many manual tasks, hence heavily relied on AIT personnel skills.

Instituto
Nacional

de Técni , i - i '
eroespac > Intensive training on dummies and small production batches, especially for late tasks where

Aeroespacial

failure could lead to laser unit loss.

» Accumulated small (alignment) failures could led to
degraded performance, not acceptable for flight
units. Flight batch started with up to 25 laser
head units.




RAMAN LASER MODULE - QUALIFICATION

» Design mostly based on COTS components, each purchased batch carefully screened (optics,

Instituto

de Toonica diodes, photodiodes).

Aeroespacial

» Assembly processes continuously monitored (witnesses) and separately qualified.
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LASER R&D ACTIVITIES

» Space qualification of COTS laser modules:

>

>

8 Processes and materials changed by manufacturers in response to market needs
4 Space qualified processes difficult to introduce into standard manufacturing flows.

= Frequently done at component level (laser diodes, photodiodes...).

Partnership with private companies:
# Planetary exploration still pretty much a niche market. No products (recurrent units) here.
= Waiting for the right moment to make it more attractive: upcoming Moon missions??

In-house prototyping:
= Time consuming. We are not laser manufacturers! But...
= Extremely useful to identify strengths and weaknesses relevant for space environment.
= Problems almost always related to thermal management and alignment robustness.
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PULSED LASERS

» Required together with gated detectors to overcome daylight background on remote Raman
applications (most probable planetary exploration scenario).

» Useful to get rid of long decay-time fluorescence in Raman measurements.

» Synchronization issues:
» Simultaneous Raman emission (for LIBS it is better, since plasma stays up to 1ms)

» Pulse width comparable to light travel time in realistic scenarios (>5m).

» Our laser prototypes (TRL4) are based on passive Q-switching, with repetition rates around 1kHz
and pulse energies between 50uJ and 500uJ at 532nm, both in “standard” pulse width (10ns) and
stretched pulse (1us).
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CW LASERS
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> Exploring alternative (to classic DPSS Nd*3 SHG) s e e
architectures for green lasers. sisy
> First prototypes based on GaN laser diodes with external 35::
cavity, targeting 30mW fiber-coupled output. g
» ECDL thermo-mechanical stability requirements are £ si0s
tough, but... linewidth for Raman not as demanding as 519
typical applications for ECDL. si65) -
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PHOENIX FOR PANGAEA [GEELES

instituto » ESA contract 4000138579/22/NL/AT

de Tecnica .

LI EEE > Combined Raman-LIBS and Raman-XRF
portable prototypes for on-ground astronauts
training in geological analogue environments

(PANGAEA programme).

» Delivered on 2024. Design largely based on
COTS with space-qualified counterparts to
help fast TRL improvement.
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OMIRAS

oetituto » Scanning Raman-LIBS prototype (TRL4) with image-based automated decision features.

Nacional

de Técnica

CCLELZEC > Funded by ESA's PRODEX programme.
» Kick-off September 2025.




()) TAKE-HOME MESSAGE

Instituto

eiWoNll > Our core knowledge is Raman spectroscopy instrumentation, including all the involved
Asrosspecil subsystems (lasers, spectrometers, optical probes...).

» Our R&D activities are focused on (our) predicted scenarios for future instrument call for
opportunities.

» Success requires sound scientific and technical proposals, with:

= Novel concepts. “Just” Raman is no longer enough. We actively seek added-value,
complementary techniques (LIBS, XRF, imaging, scanning...).

= High maturity (TRL) technology. In-house testing capabilities available for quick
preliminary assessments, from lab prototype to relevant environment.

= Minor platform requirements. Always in search of lighter, smaller, less power
demanding instrument concepts.

= Fast development times. Adapted to new timescales for space projects. We seek to
reduce complexity at all levels.

» Reliable partners / providers.




THANKS FOR YOUR ATTENTION!

PLEASE FEEL FREE TO CONTACT THE EXOMARS RAMAN TEAM AT INTA AT
ExoMarsRaman@inta.es

ADDITIONAL CONTACTS:
LASERS: PABLO RODRIGUEZ, rodriguezpp@inta.es
RAMAN INSTRUMENTATION: ANDONI MORAL, moralia@inta.es
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