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The Raman laser spectrometer (RLS) on
the Exomars ESA 2018 rover mission




Objetivos originales ExoMars

OBJETIVOS DE DEMOSTRACION TECNOLOGICA

>Entry, Descent, and Landing (EDL) of a large payload on the surface of Mars;

>Surface mobility with a rover having several kilometres range;

»Access to the subsurface with a drill to acquire samples down to 2 metres;

>»Automatic sample preparation and distribution for analysis with scientific
instruments.

OBJETIVOS CIENTIFICOS (por orden de prioridad)

»To search for signs of past and present life on Mars;

>To characterise the water/geochemical environment as a function of depth in
the shallow subsurface;

>To study the surface environment and identify hazards to future human
missions;

>To investigate the planet’s subsurface and deep interior to better understand
its evolution and habitability.




El Rover de ExoMars
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http://exploration.esa.int/science-e/www/object/index.cfm?fobjectid=47778�

The Raman Instrument (RLS)

o The RLS functional flow is as

follows:

ICEU 1. the powdered sample will be

illuminated by means of the iOH

optics, with the laser light

532 nm coming (through the excitation
fiber) from the pump diode

—| - housed at the ICEU.

. The Raman signal obtained will
Front End be properly filtered and delivered
electronics by the iOH (through the
reception fiber) to the SPU.

Laser

At the SPU the Raman signal will
be sent through the transmission
diffraction grating to the CCD.

Image obtained will be sent to

the ICEU FEE (Front End

Electronics), and processed by
T the processor electronics,
previous to be sent to the Rover.
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El instrumento Raman dentro de la mision

Objetivos cientificos del instrumento Raman dentro de la misidn

> Busqueda de signos de vida pasada o presente:
Posible deteccion directa de compuestos organicos
Identificacion de minerales indicadores de actividad biologica

» Estudio de procesos relacionados con la actividad del agua
Identificacion de fases minerales producidas por la interaccion fluido-roca
Caracterizacion de minerales igneos y sus productos de alteracion

Objetivos tecnoldgicos del instrumento Raman

» Desarrollo de un espectroémetro Raman para misiones planetarias:
Unidad de espectrometro de transmision
Laser, iOH




El proyecto espanol
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Mision ExoMars: desarrollo del espectrometro Raman



Desarrollo del instrumento

RAMAN LIBS
Insirument Configuration

Raman-LIBS, SRR, Julio/2008

RLS Instrument Block Diagran
(Raman Ext + Int)

Raman Ext-Int, PDR, Feb-2009 Raman Interno, configuracion actual

La configuracion del instrumento original ha sufrido reducciones impuestas por necesidades de
reduccion de masay cambios en el Rover:
Desde el Raman/LIBS con cabezal externo e interno inicial hasta el Raman interno actual

E X(O #%A R s

Misién ExoMars: desarrollo del espectrémetro Raman



6‘0/.&/) e Imaging: ext. & int. 2002-2003
« LIRS ext & int

e Raman: ext. & int. PLaimi P

DREAM : RS
- LIBS: ext. & int. N _
S e - Raman: ext &int, | A &AL R UlAEte (E0i1]
2005 (240-840nm) < _ Options
S~ f
BASELINE - LIBS: ext.

B (240-840nm) °,

N

C (350-840nm)

* Raman: ext. & int.

==
EBB .

2007 Solicis  LIBS: ext. & reduced A range
AYA 2008 « Raman: ext. & int. C1(535+750nm)
2008 '

e Raman: ext. & int.

* Imaging: ext. D (535-670nﬁ;1)

E (535-670nm)
(Mass > 3kg)

e Raman: ext. & int.

ESA letter 20/06/2008 FLOOR

- > inst t * Raman: ext.
Mass limit 2.5kg Instrumen

Not acceptable

PCR#2 Mayo 2009

New Operation mode:

Instrument trade-off Raman: int. on powder
(¢ _QA




Diseno del instrumento Raman

Instrument Control and Excitation Unit- ICEU

Thermal Model

Laser control
electronics BB
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Diseno del instrumento Raman
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Instrument BB INTA
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The units BB are being integrated into the
instrument BB at INTA

24/02/12. POWDER CALCITE (125-250 microns GS)
FT=10s, AO=1

intensity (d.c.

Powder Quartz (27/02/2012)
i=30s; N=1

Bulk Ascorbic Acid (13/02/2012)
i=20s; N=1




Simulador de la operacidon sobre polvo cristalino en la Unidad Asociada
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ISSE: RLS Exomars Simulator and BB

[ Requirements Definition ] [ Instrument Validation ]

Standard samples Radiometric model

Instrument Reqs
(SNR, throughput,...

Natural samples

Calibration sample Calibration procedure

4 . e ) 4 )
Operation Mode Definition

Fluorescence reduction, Ti & Na Operation Mode Validation
calculation, Traces of interest,

Thermolabile samples, Grain size, ...
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Earth/martian conditions: SAMPLES Earth/martian conditions: WHOLE SYSTEM

Study of spectral differentiation of materials Study of instrument behavior



RLS operation mode algorithms

Carbonate
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Automatic Recognition of
Raman Spectra

Database with spectra in

Earth and Mars
relevant conditions

RLS Exomars
SPDS Simulator

ISSE
(Instrument Science
Support Equipment)
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Ciencia Asociada (prototipos y modo de operacion)







El Equipo de Trabajo
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Espana:

Investigador Principal (PI)

Instrument Project Manager (IPM)

Organizaciéony gestion del consorcio europeo

Garantia de Producto y proteccion planetaria a nivel consorcio
Ingenieria de Sistemas del Instrumento

Montaje, Integracién, Verificacién, y Calibracién a nivel Sistema
Ingenieria de Operaciones

Segmento Terreno: contribucién cientifica al centro de
operaciones

Desarrollo del espectrémetro (con contribucion de otros paises)
Desarrollo del Laser ubicado en la unidad electrénica (ICEU)
Desarrollo del cabezal 6ptico

Desarrollo de cableado entre unidades

Desarrollo de SW embarcado

Desarrollo de equipo soporte a nivel sistema
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£33 University of
W Leicester

. STFC
RAL Space

Alemania:

Desarrollo de las conexiones oOpticas: fibras Opticas y
conectores

Reino Unido:

Desarrollo del detector CCD del espectrometro y
electrdnica de proximidad ubicada en la unidad electrénica
(ICEUV)

Francia:

Adjunto al Investigador Principal (Co-IP)

Desarrollo de la Unidad electronica (con contribuciones de
otros paises)

Participacioén en la calibracion del Instrumento

Holanday USA:

Contribucién cientifica
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