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Introduction:  The SuperCam instrument on the 

Mars 2020 rover is capable of performing imaging (re-
mote micro-imager or RMI), active spectroscopy (laser 
induced breakdown spectroscopy or LIBS, Raman, and 
time resolved luminescence or TRLS), and passive re-
flectance spectroscopy in two modes, VIS and IR. This 
abstract details the VIS range reflectance that covers ap-
proximately 400-855 nm. 

The instrument contains two reflection (Czerny-
Turner) spectrometers covering the UV (approx. 244-
341 nm, 0.2 nm resolution) and VIOlet (approx. 380-
465 nm, 0.2 nm resolution) regions and a transmission 
spectrometer using an intensified CCD covering the 
green (~493-637 nm), orange (~578-748 nm), and red 
(~675-874 nm) regions with ~0.3-0.4 nm resolution 
(~10 cm-1). Due to instrument response, the usable por-
tion of the combined transmission spectrometer regions 
is approximately 535-855 nm. A separate AOTF IR 
spectrometer provides passive measurements in the 
near-IR region (~1300-2600 nm, 30 cm-1 resolution) is 
described by [1, 2].  

Methods:  The passive mode data processing pipe-
line is largely inherited from ChemCam [3] with modi-
fications mostly related to the use of the intensified 
CCD. Currently, the UV spectrometer is not used in pas-
sive observations owing to dark nature of Mars at < 400 
nm, but is being considered. Here, only the VIO and 
transmission spectrometers are discussed. 

In the VIO spectrometer, light from the diffraction 
grating is projected onto a 515 row by 2148 column 
CCD (Figure 1). There are 50 “blind” pixels on each end 
of the CCD at columns 0-49 and 2097-2147 where no 
data is collected resulting in 2048 usable columns. Due 
to instrument response, we primarily use data from col-
umns 55-2092. The band of light is centered on row 247, 
and in normal operation signal from rows 152-352 are 
integrated in the serial register on the CCD before being 
readout as a single spectrum of 2148 values. The num-
ber of rows integrated is selectable, but we expect to use 
200 rows in normal operations. 

The transmission spectrometer shares the same form 
factor as the VIO, including the blind pixels. Three par-
allel bands of light representing the green, orange, and 
red regions previously described are projected onto the 
intensifier. The output from the intensifier is then fo-
cused onto the CCD (Figure 2). The footprint of the in-
tensifier on the CCD is visible as the sharp circular arc 
cutoff at approximately columns 300 and 1900 in the 
figure. In normal operations, rows 92-162 are integrated 
for the red region, rows 236-356 for the green region, 
and rows 378-506 for the orange region. These regions 
are read out as three 2148-pixel spectra after each set of 
rows is integrated in the CCD’s serial register. When 
needed for diagnostic purposes, a 2D collect like those 
presented in Figures 1 and 2 can be commanded, where 
each pixel on the CCD is retrieved individually. 

Figure 2.  Natural logarithm of in-
tensity recorded by the transmis-
sion spectrometer during LIBS 
measurement of JA3 andesite 
standard. The three horizontal 
stripes are the different wavelength 
regions as labeled.  
 

Figure 1. Natural logarithm of in-
tensity recorded by VIO spectrom-
eter during LIBS measurement of 
an andesite standard (JA3). Verti-
cal stripes in the brighter band are 
LIBS emission lines. Vertical 
stripes outside the band are CCD 
artefacts.  
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Data Processing. Following the methods used by 
ChemCam [3], we apply a dark current subtraction, an 
instrument response function (IRF), and a wavelength 
calibration to the returned data. The data are converted 
from the received digital number (DN) units to radiance, 
then reflectance. 

The calculation of the dark current as a function of 
temperature and integration time will be assisted by a 
suite of night time observations taken relatively soon af-
ter landing on Mars at a wide range of temperatures. 
Preliminary laboratory data taken at Los Alamos, IRAP, 
and NASA JPL should allow the team to estimate the 
dark current under a range of conditions until in situ 
measurements are collected. The in situ measurements 
are necessary due to the accumulation of radiation dam-
age on the CCDs during flight. The requirement for 
these measurements to take place at night is due to the 
fact that the VIO spectrometer has no means to block 
light; any light incident on the telescope is transmitted 
to the spectrometer. The transmission spectrometer does 
not suffer this same limitation due to the use of the in-
tensifier, which can be disabled resulting in no light 
reaching the CCD. 

The IRF has been calculated from data collected us-
ing a Hamamatsu EQ-99 laser-driven light source and a 
Labsphere USS-1200 integrating sphere light source at 
the Spacecraft Assembly Facility at JPL.  

The IRF varies as a function of the number of CCD 
rows integrated on the VIO spectrometer (a nearly per-
fect Gaussian distribution), and the intensifier gain set-
ting for the transmission spectrometer (exponential with 
high-voltage power supply setting). Interpolating func-
tions were derived for each from lab data and are used 
to scale the IRF for values between those measured. 

The wavelength calibration relies on the collection 
of LIBS measurements of the titanium standard on the 
SuperCam Calibration Target (SCCT) mounted on the 
rear of the rover [4]. By measuring the position of 
known peaks in the LIBS spectrum of Ti, the wave-
length as a function of pixel position on the CCDs can 
be derived for each spectrometer. The calibration is a 
slight function of spectrometer temperature, which can 
be read from sensors on the instrument similar to Chem-
Cam [5]. 

Radiance. The conversion from DN to radiance is 
accomplished through the calculation of five parame-
ters: 1) dark current, 2) IRF, 3) observed area (A) on tar-
get, 4) telescope’s solid angle (SA) of view, and 5) spec-
tral bin width (w) [3].  

After removing the dark current from the observa-
tion, the corrected DN (CDN) values are converted to 
photons (P) using the IRF: 𝑃𝑃 = 𝐶𝐶𝐶𝐶𝐶𝐶 𝐼𝐼𝐼𝐼𝐼𝐼⁄  

Given these parameters, the radiance (R) is then: 
𝐼𝐼 = 𝑃𝑃 𝑡𝑡 𝐴𝐴 𝑆𝑆𝐴𝐴 𝑤𝑤⁄⁄⁄⁄  

with t as the integration time. Appropriate conversions 
are applied such that the final units are 𝑊𝑊 𝑚𝑚2 𝑠𝑠𝑠𝑠 𝜇𝜇𝑚𝑚⁄⁄⁄ . 

The area on target is calculated using the angular 
field of view (FOV) of the telescope (0.74 mrad)  and 
the distance to the target (d): 

The solid angle in steradians subtended by the tele-
scope is calculated using the distance to the target and 
the telescope aperture (a): 
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Because the front aperture is slightly smaller than the 
primary mirror, the aperture used in this calculation is a 
function of distance. If the target is closer than 2548 mm 
from the front optic (the Schmidt corrector plate), the 
primary mirror’s diameter (110 mm) is used, and the 
distance to the target is increased by 147 mm to account 
for the additional distance from the front optic to the pri-
mary mirror. If the target is farther than 2548 mm, the 
diameter of the mount for the Schmidt plate is used (104 
mm) and the distance to target is left unchanged. 
      Finally, the spectral bin widths are approximately 
0.044 nm for the VIO, 0.074 nm for the green, 0.089 nm 
for the orange, and 0.106 nm for the red regions. The 
actual values vary depending on the wavelength calibra-
tion mentioned previously. 
     Reflectance. There are currently two methods under 
development for estimating the reflectance of a target. 
First, we can use the SCCT AluWhite calibration target 
as a reflectance standard, and divide the radiance of the 
target to the radiance of the calibration target. Second, 
we can attempt to model the incoming solar spectrum 
accounting for atmospheric opacity then assume a scat-
tering phase function for the target (e.g. [6]) and esti-
mate the reflectance compared to a hypothetical Lam-
bertian reflector.  
      Reflectance at these wavelengths can be used in co-
ordination with the IR spectrometer and Mastcam-Z 
multispectral observations to constrain the iron mineral-
ogy of rocks and soils [3]. The passive mode can also be 
used to retrieve information about atmospheric opacity 
and aerosols [7].  
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