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Overview: The Mars 2020 rover, essentially a
structural twin of MSL, is being built to a) char-
acterize the geolog¥ and history of a new landing
site. on Mars, b) find and characterize ancient
habitable environments, ¢) cache samples for
eventual return to Earth, and d) demonstrate in-
situ production of oxygen needed for human ex-
ploration. Remote-sensing instrumentation is
needed to support the first three of these goals
[1]. The SuperCam instrument meets these needs
with a range of instrumentation including the
highest-resolution remote imaging on the rover,
two different techniques for determining mineral-
ogy, and one technique to provide elemental
compositions. All of these techniques are co-
boresighted, providing rapid comprehensive char-
acterization. In addition, for targets within 7 me-
ters of the rover the laser shock waves brush
away the dust, providing cleaner surfaces for
analysis. SuperCam will use an advanced version
of the AEGIS robotic target selection software.

Instrument Architecture: SuperCam’s over-
all design (Fig. 1) is strongly Nﬁ)atteme{d after
ChemCam, being divided into a Mast Unit (MU)
and Body Unit (BU) with an optical fiber and
electrical cables connecting the units. The MU
includes a 110 mm telescope, a Nd:YAG laser
&1064 & 532 nm beams), an IR spectrometer, the

emote Mlcr_o-lmaﬂer (RMI) camera, and associ-
ated electronics. The Body Unit consists of two
reflection spectrometers of ChemCam heritage
lus an all-purpose transmission spectrometer for
aser-induced breakdown (LIBS), Raman, and
VIS spectroscopy. The MU is built in France,
while the BU is built at LANL. A set of rover
calibration targets are being assembled in Spain.

it )
= | Cal.
=2 | targets
e |
v | T
2 B | —
= | [
| i !
LERci r
—
Pwr & Data L Bl \
Spt. fiber Az s
=
=
= —
(=} H
3 i |
I Lo
gy ﬁ-nnnlnlnn; (e =
i.p::la | - |
Lot —— ||

Fig. 1. SuperCam schematic diagram.

Visible and Infrared (VISIR) Spectroscopy:
Mlneralog)</detect|on is performed by both Ra-
man and VISIR reflectance spectroscopg. The
VISIR spectral range extends from 0.4 to 2.6 pm
with two gaps, one at 0.47-0.54, and the other at
0.86-1.3 pm. Spectrometers in the BU cover the
range from 0.4-0.86 um at high spectral resolu-
tion, while the 1.3-2.6 um range is covered in 248
channels by a wavelength-scanning AOTF spec-
trometer in the MU [2]. The spectral resolution of
the latter is 30 cm™ with sub-sampling to 15 cm™.
Fig. 2 shows a spectrum from the prototype spec-
trometer. A minimum signal-to-noise ratio of 45
is expected to be obtained within the required
exp(()jsure times. Spatial resolution will be 0.8-1.1
mrad.
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Fig. 2. Spectrum of CO gas cell with prototype SuperCam IR
spectrometer.
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Raman Spectroscopy is facilitated by fre-
quency doubling the laser (532 nm Raman?], add-
ing a 532 nm notch filter, and detecting the Ra-
man bands with a transmission spectrometer that
replaces one of the ChemCam reflection spec-
trometers in the body. The miniature unit in-
cludes a flight-qualified intensifier that gates
within 100 ns around the laser pulses, removing
interferin% fluorescence and ambient sunligh
[e.g., 3]. Changing the start of the exposure rela-
tive to the laser allows studies of time-resolved
fluorescence [4]. The Raman spectrometer is de-
signed to observe olivine and brighter Raman-
emitting minerals to a distance of 12 m with a
field of view of 0.65 mrad (1.3 mm @ 2 m dis-
tance). This technique is highly complementary
with 'VISIR spectroscopy, as Raman observes
symmetric stretch bands genera_l(ljy not observed
with VISIR, permitting easy identification of
feldspars, an important component in Gale crater
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mineralogy. An example spectrum from the pro-
totype SuperCam Raman spectrometer [5] is
shown in Fig. 3. The flight unit will have im-
proved spectral resolution of 10 cm™.
LIBS: The ChemCam instrument has current-
IK returned elemental compositions from more
than 7,000 observation points in Gale crater (Fig.
4), demonstrating the important contribution of
LIBS to planetar?/ exploration. SuperCam will
have a very similar LIBS capability to that of
ChemCam, with observations to 7 m distance,
and with spatial resolution of 300-500 um [6].
The LIBS will have a similar depth profiling ca-
ability, which on ChemCam has discovered thin
ayers of alteration (Li and other alkali elements
[7] and Mn oxides [8].)
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Fig. 5. Simulated uperCam RMI mosaic made from a monochro-
matic ChemCam mosaic merged with Mastcam color. SuperCam

will provide the highest resolution remote images on the Mars 2020
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Fig. 3. Raman spectra from the SuperCam prototype transmis-
sion spectrometer. Spectra were obtained at 4 m distance using
1000 laser shots. The detector was exposed for a total of 100 s
at room temperature to obtain these spectra. With the flight
unit the CCD will be cooled and gated around the laser shots,
greatly improving signal to noise.
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Fig. 4. ChemCam LIBS observations in Gale crater mapped distinct
differences between regions. In coarse-grained rocks the composi-
tions of pure minerals are obtained. SuperCam will have similar
chemical mapping capabilities, co-aligned with Raman, VISIR, &
RMI.

rover.

RMI: The RMI ima%er on SuperCam uses a
CMOS detector with a Bayer color filter to pro-
vide the highest resolution remote images (e.g.,
0.040 mrad in a ~20 mrad field of view, similar to
ChemCam) in color [9]. These images use a high-
dynamic-range compression to increase the inten-
sity range using several exposures. The RMI de-
tector and front-end electronics are encapsulated
;:n_ a %ompact cube. A simulated image is shown in

ig. 5.

gCurrent Status: SuperCam passed its prelim-
inary design review in October and in 2016 it is
proceeding with assembly and testing of the de-
velopment unit, which will verify the Raman tim-
ing requirements and signal-to-noise ratios.
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