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Abstract

The Raman Laser Spectrometer (RLS) is one of the
Pasteur Payload instruments, within the ESA's
Aurora Exploration Program, ExoMars mission. For
being able to verify the achievement of the scientific
objectives of the instrument, a Breadboard campaign
was developed, for achieving instrument TRL5.
Within the Instrument TRL5 Plan, it was required to
every unit to develop its own Unit Breadboard, to
check their own TRL5 and then to deliver it to
System Team to be integrated and tested for finally
checks Instrument performances.

1. Introduction

The Raman Laser Spectrometer (RLS) will perform
Raman spectroscopy on crushed powered samples
deposited on a small container after crushing the
cores obtained by the Rover’s drill system.

1.1 TRL5 Achievement

For being able to check that the Instrument fulfils
main scientific requirements, a breadboard which
verifies the TRL5 (Technology Readiness Level 5)
achievement by the Instrument, has been developed.
With results obtained from that model campaign, it
has been demonstrated that the Instrument satisfies
scientific functionality in a relevant environment

2. Instrument description

The Instrument breadboard has kept all optical
critical parameters, interfaces between units, and
relevant functionalities.

The RLS is composed by the following units:
e SPU (Spectrometer Unit): a spectrometer
concept based on a single transmission
holographic grating, used as dispersion

element; and with a thermally controlled
CCD detection.

e iOH: (Internal Optical Head): an optical unit
which  focus  (autofocus  mechanism
capability) the laser excitation light over the
sample through the excitation path, and
filters the scattered Raman signal for its
processing at the SPU through the reception
path.

e ICEU (Instrument Control and Excitation
Unit): within this unit it is housed the high
stability laser source, the Front End
Electronics; and the power and processor
modules.

e Other Instrument units are: Electrical
Harness, Optical Harness, Operation SW
and Calibration Target

3. Breadboard description

A breadboard unit was developed and tested for each
of the previous subsystems; and finally integrated
and tested at Instrument level (designed as modular
as possible in order to be able to upgrade the
breadboard in a step by step process), for checking
main scientific requirements for significant samples
identification.

The Instrument breadboard program has been
developed for two years, and has been able to
achieve the following objectives:

e To wverify RLS critical scientific
performances: spectral resolution, spectral
accuracy, SNR...

e To validate the System Radiometric Model

e Tovalidate RLS critical functionalities, such
as: CCD control and commanding, iOH
autofocus...



e To confirm the overall concept of the
Instrument operation: spectra extraction,
operation timing, operation algorithms...
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Figure 1: RLS BB Overview.

After RLS breadboard campaign, Instrument
scientific critical performances have been verified,
allowing go on with future Instrument models. And
also, with the radiometric model validation it will be
easy to predict how future possible Instrument design
modifications could affect to Instrument final
performances.

4. Main results obtained

Instrument spectral resolution, measured with a Ne
and Hg-Ar lamps is shown below. Also “should” and
“shall” instrument requirements are shown in the
Figure.
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Figure 1: RLS BB Spectral resolution at different
temperatures in the CCD

Instrument accuracy, calibrated with Ne and Hg-Ar
lamps, obtained at different CCD temperatures, are
shown in Figure 2.

RLS BB ACCURACY CALCULATION at diferent temperatures
Peak  (pxi) Peak  (cm-1) |ADJUST ERROR (cm-1)
om cm1 | 20 20 30 40| 0 20 30 a0 |-10 20 30 40
peaki | 670,70 | 392717 | 3430 3030 3431 3030] 30274 39273 30273 39273] 02 -02 0,2 -02
peak2 | 667,83 | 384076 | 3901 3901 3902 390,1| 38406 38407 38407 38407 0,1 00 00 01
peaks | 659,90 | 366075 | 4840 4se1 4sa2 asao| 36606 36605 36605 36606] 0,2 03 03 01
peaks | 653,29 | 350749 | 5601 5602 5603 s60,1) 35074 35073 35072 35073 01 0,2 03 02
peaks | 650,65 | 3aas50 | 5900 5900 5900 s899| 34454 34454 34455 3aa54] 01 01 00 01
peaks | 640,23 | 319517 | 7058 7058 7058 7057] 31953 31953 31954 31953] 0,1 02 02 -01
peak7 | 638,30 | 314804 | 7268 7268 7268 7267| 31481 31082 31483 31482] 00 -01 02 -02
peaks | 633,44 | 302790 | 7704 7793 7795 7793| 30281 30282 30280 30281) 01 -02 01 -02
peako | 630,48 | 295372 | 8111 8112 8113 s11,1] 29500 29538 29538 20539) -0,2 01 01 -02
peakio | 626,65 | 285678 | 8520 8520 8521 851928568 28568 28568 28569 -0,1 0,1 0,1 -0,1
peaki1 | 621,73 | 273047 | 9039 9039 9040 903927305 27305 27304 27304| 0,0 00 00 01
peak12 | 616,36 | 259036 | 9601 9601 9602 9601 25904 25004 25904 25903| 0,0 0,0 00 01
peak13 | 61031 | 253604 | 0814 9814 9815 981425361 25361 25360 25360] 0,1 01 01 01
peakia | 609,62 | 241091 | 10299 10299 1030,1 1029,9] 24108 24108 24107 24109] 0,1 01 0,2 00
peakis | 607,43 | 2351,98 | 10523 1052,4 1052,4 1052,4] 2351,9 23518 23520 23517] 0,1 0,2 0,0 0,2

Peakis 1097,8 10979 1097,9 1097,7] 22309 22307 2230,8 2230,9)
Peak17 11533 11533 11534 11532 2079,6 2079,7 20795 2079,7]

peak1s | 594,48 | 199334 | 11845 11845 11846 1184,4] 19930 19930 19932 19932] 0,3 03 0,2 0,1
Peak19 1248,1 12482 12482 1248,0) 18132 18131 1813,1 18132

Peak20 172793 | 1277,7 1277,7 1277,8 1277,6] 17279 17280 1727,9 17279] 0,1 0,0 0,0 0,0
Peak21 13398 13399 13400 1339,8] 15457 15456 15456 15456] 0,2 0,2 -0,1 -0,1
Peak22 13610 1361,0 13611 1361,0) 1482,6 14826 148256 14825| 0,2 02 0,2 -0,1
Peak23 1672,0 1672,0 16721 1672,0] 5021 5021 5021 s021] 0,0 00 0,0 0,0

Figure 2: RLS BB Spectral accuracy at different
temperatures in the CCD

To be completed.

5. Summary and Conclusions

To be written.
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