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Figure3: LIBS spectrum of GYPA

1.2 The Raman and fluorescence spectroscopy

Stanaff Raman spectroscopy provides point detection of many minerals and potential detection of different organic
compounds if they exist on Maf8]. To perform Raman spectroscopy, the laser beam is frequency doubled and is
directed towards the target in a 532 nm pulsed beam of low dispersion. The target is thus illuminated at lower powe
density than LIBS, such that the molecules at the surface are vibrationally excited, resulting in scattered light that is
modulated by the vibrational frequency of the materThis ORamanO scattered light can be detected if the much
stronger Rayleigtscattered light at the laser wavelength is blocked. Like LIBS, the telescope collects the Raman signal;
it is transferred via a fiber cable to a transmission spectrometer inwbebody. The signal is intensified and recorded.

The intensifier allows the exposure to be gated to a very short duration, removing background ambient light. Time
resolved fluorescence can also be recorded. Organic and biological molecules produce fluorescence both with UV an
visible laser excitation with very short lifetimes (< 1 ns to 200 ns). SuperCam will be able to distinguidivesthort
organic fluorescence from that of longered (usms) minerals and rocks on Mars, thus identifying targets hlave
biological molecules embedded in thein the absence of biological materials, SuperCam Raman will not have
interference from shottved fluorescence backgrounds.

Figure 4 shows a Raman spectrumeasured withite EQM on ahodonite rock.
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Figure4: Raman spectrum of a rhodinite rock measured with the EQM

1.3 The visible and infra-red spectroscopy

VISIR passivespectroscopyFigure 5) hasdemonstrated its powerful capability in the detection and identification of
mineral phases through characteristic absorption features related to vibrational stretching and/or bending of characterist
molecular boundg4] The SuperCam wavelength range .85 um, 1.82.6 um) provides easy identification of most
minerals to be found in the Mars geological record

¥ Oxides and hydroxides;

¥ Orthe and chain silicates;

¥ Sheet silicates (phyllosilicates, smectite);

¥ Sulfates (monra@nd polyhydrated);

¥ Carbonates.

It might provide a tool to identify complex organic compounds from absorptions at 1.7 éh8 Ri8.
For atmospheric measurements, SuperCam records @Q HO, O, (IR and 708850 nm) and @(UV). The full
spectral range is used to measure scattereddigbhostic of aerosol size distribution, composition, and opacity.
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Figure5: IR spectra of lab targets measured with the EQM
1.4 The context imaging

The Remote Micrdmager p] places the cheroal and mineralogical analyses in their geomorphological context, as well
as independently remotely imaging small details without needing to drive up to the samples. The RMI will help
determine which samples within the vicinity of the rover are of sefiicinterest to use the contact andsitu
instruments for further characterization. It will also provide primary science in and of itself, in providing analyses of
samples that are inaccessible to contact argitininstruments, such as vertical oufizdn canyon or crater walls that
might display strata of geological interest. Analysis of these strata may provide information on the climate history of
Mars. Figure 6 shows a rock with a vein picturetith the RMI on the EQM.

Figure6: Rock measured with the EQM

1.5 The Microphone:

The SCM Primary science objective is to support the LilB@stigation to obtain unique properties of Mars rocks and
soils through their coupling with the LIBS laser.
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In addition, other opportunistic science objectives are to monitor various artificial sounds (rover sounds), and to
contribute to basic atmospliescience: wind, convective vortices, dust devils at close distance, or saltatiorb({owind
sand).

1.6 On-board Calibration:

In addition, a set of calibration targets mounted nominally 1.56 m from the Mast Unit will enable periodic calibration of
the instrumentExperience on ChemCam showed that these calibration targets are invaluable for LIBSpar@am
will fly more targets The SCCTincludes targets for Raman, VISIR spectroscopy, and RMI, as well.

2. THE INFRARED SPECTROME TER

The infrared spectrometer (IR}, (Figure7) located on the bottom of the Mast Unit is based ordikgersion of an
acousteoptic tunable filter (AOTF). The Mast Unit telescope projects the target image on the entrance hole of the IRS.
A ZnSelens collimates the beam on the AOTF that selectavéhwelength.

Figure7: The Infrared spectrometéight model. Total length 273mm.

The AOTF is the heart of the IRS. Its principle relies oterferences between acoustic and electromagnetic waves,
creating norperiodic diffraction patterns. The phase matching principle does not generate order overlapping like in a
classical diffraction gratingAn electronic boardjenerates radio frequensignal on a transducer mounted directly on

the AOTF crystal generates the acoustic waves. For specific crystal and transducer geometry, there is acafliiegle so
tuning relation between the RF signal frequency and the output wavel®igém a RF signal & given frequency is
generated, the AOTF diffracts a zero order, ommayeorder and one-ay order. The eay and the @ay orders are
diffracted at the same wavelength defined by the tuning relation. Theombgp containsall of the entrance engy

except for the energy diffracted in theay and the @ay orders. The zerorder is absorbeith a light trap.

The eray and eray orders are projected on two different photodiodes using two Ieifsephotodiodes are provided by
Judson Teledyn€ompanyand are made with a MCT chip mounted on a tstage TEC that allows to cool down the
chip with a gap of 80;C with respect to the spectrometer temperature.

Overview of he principal characteristics of the IRS
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Tablel: IRS parameters

Parameter Value Comment
Wavelength range [1.3-2.6]! m

Resolution (AOTF FWHM) 30 cml 11.4nm @ 1.95m
Resolving power 170 @ 1.95! m (~5000 cral)
Sampling 15 cml

FOV 1.15 mrad

Number of spectral elements 256 max Adjustable from 1 to 256
Acquisition mode Wavelength scan Adjustable among 256
Performance temperature rang{ [-35;C /-5jC] Requirement meh this range

3. QUALIFICATION AND PERFORMANCE

The qualification of the instrument has been done through two mdkel&QM (Engineering Qualification Modelha
the FM (Flight Model). Different sensitive parts of the instrument such as the AOTF and the photodiodaksdave
passed intensive tests to demonstrate their ability to survive Mars environment.

At the IRS kvel and Mast Unit level the EQM hasiccessfullypassedshock, vibrationand thermal cycles at
qualification level. So far the flight model at the IRS level has pag#edtion and thermal cycles dhe acceptance
level.

During the instrument development, on the EQM and recently directly on the flight model, perforhaarmeen
measured imrepresentative Mars environmdat the following parameters

- Wavelength band passid registration

- Field of view and alignment ohé Mast Unit optical axis

- Resolution

- Signal to noise ratio

- Linearityin flux and integration time

- Straylight

- Relative and absolute spectral response

- Instrument transfer function

3.1 Spectral resolution

The spectral resolution has been measured using adamamoator monitored during the measurement with a lab
spectrometer. For sampled wavelengths and at different temperatures of the spectrometer the IRS response is measul
A Gaussian fit of the measurement is applied to calculate the FWHM response. A deconvolution of the monochromato
response is calculated to extract the IRS spectral resalution

Figure8 shows thdRS response to the monochromator stimuli and the extracted spectral resolution of the ihgstrumen
different temperaturesihe spectral resolution meeghe requirement at all wavelengths gmelformance temperature
range.
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Figure8: IRS response to different spectral stimuli by a monochromator (left) and calculetddibkpesolution at
different spectrometer temperatures (right)

3.2 Spectralregistration

The scientific requirement shahat the spectral registratioreeds to be known better thahnm in theperformance
temperature rangdn order to measure the regfation, a FabrpPerotinterferometerassociated with a calibrated lab
spectrometer is used. The Falftgrot spectrum measured with the lab spectrometer is convolved by the IRS resolution.
The positions of spectral lines of the Faftgrot are calculatefr the lab spectrometeneasurementSimultaneously,

the positions of the spectral lines measured with the IRS are calculated. The registration map is then extracted b
comparison of both measurements.

Figure 9 shows the supposition of the FabrPerot spectrum measured with the lab spectrometer and its spectrum
measured with the IRS using the calculated registration Relptive registration with the spectrometer temperature is
also shown.The registrationknowledge meets requiremeint the completecperformance spectrometer temperature
range.

Figure9: FabryPerot measurement with lab spectrometer and IRS (left) and relative spectral registration with
spectrometer temperatufréght).
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3.3 Signal to noise ratio

The signal to noise ratio requirement is at leasa€uming30 s to acquire a spectruemd backgrounaf 86 spectral
elements, an irradiance of 300W/mnd a 30%Lambertiantarget albedoThis requirement needs to beetrin the
performanceemperature range of the spectrometer.

In order to verify this requirement, noise measurements have been done with variationdiffeteat instrument
parameters such as timegration tine and atdifferent spectrometer temperaturBgpending on the parametersase
limit has been calculated to meet the requirement and the measured noise is compared to this limit.

Figure 10 shows the comparisonith the requiremenof the measuredoise in all the parameters conditioiifie IRS
meets the SNR requirement for all parameters values and spectrometer temperatures.

Figure10: Noise for both photodiodes for all parameter conditions compared with the reqiiremen

3.4 Real targetmeasurements

On the engineering qualification modati LANL spectra of real rocks have been measured. The target is illuminated
with a high infrared radiance lamp. The reflected flux is measured with the IRS integratesl Mast Unit The
complete instrument is cooled dowm-10;C. The reflectance of the target is derived using a reference measurement
(spectrally flat target).

Figure1ll compares the reflectance of gypsum measured whtimaresolutiorlab spectrometer, the same measurement
convolved with the IRS resolution and the IRS measurementhigtiscorrelation of those measurements shows that the
IRS is correctly calibrated in terms of spectral registration and spectral resolution.
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Figure1ll: Comparison of gypsum reflectance measured with the IRS and hatitspectrometer.

4. CONCLUSION

The infrared spectrometer of SuperCam for the MARS2020 mission is qualified. The flight model has been built and
delivered for integration on the Mast Unit. On the flight model the performéw@esebeen verified ina thermal
environment (someesultsare shown in this paper). Before the end of 2018;sterahd calibratiorof theinstrument will

be done befe delivery to LANL.Threemonthsof tests and verifications will be done at LANtoupling the MastJnit

and the BodyUnit. In early2019, SuperCam will be delivered to JPL, integrated to the fovénal tests before launch

that isscheduledor July 2020. Among all other instrumanthe infrared spectrometer will contributertew discoveries

of themineralogy of Mars.
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