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We are building a compact (2U), low-cost, and 

uniquely capable infrared point spectrometer covering 

both the shortwave-IR (2-4 µm) and mid-IR (6-12 µm) 

wavelength regions. While many spaceborne point 

spectrometers have been built with a diversity of per-

formance characteristics, no flight spectrometer cur-

rently exists that will cover the broad solar reflectance 

plus thermal emission spectral range that we are target-

ing within a compact form-factor and low-cost instru-

ment (e.g., compatible with CubeSats). Our instrument 

is suitable for small spacecraft reconnaissance of as-

teroids, the Moon, and planetary satellites as well as 

use on mass-constrained landed missions and built 

around three unique JPL Microdevices Laboratory 

technologies: curved gratings, thermopile de-

tectors, and barrier infrared detectors (BIRD). 

We have customized and extended these tech-

nologies specifically for this instrument to 

make it possible to measure the shortwave- 

and mid-IR simultaneously in a payload that 

fits in 2U.    

The combination of the two wavelength 

ranges allows us to simultaneously collect 

information about volatiles (e.g., water, hy-

drated minerals, organics) and silicate miner-

als. Absorptions due to metal-OH, H2O, N-H, 

C-H, C-O, S-O, and Si-O are interrogated. 

Analysis of telescopic data [e.g., 1], asteroid 

mission data from Ceres, Ryugu, Bennu, and 

the Moon [e.g., 2-7], and laboratory data of 

meteorites [e.g., 8] demonstrate the im-

portance of the 2-4 µm SWIR wavelength 

region for volatiles, including the ability to 

distinguish the carrier of hydration (mineral 

phase vs. ice) and recognize ammonia, organ-

ic, and carbonate phases, performing quantita-

tive modeling of abundances. The 7-12 µm 

MIR also provides a crucial means of distin-

guishing meteorite family and degree of aque-

ous alteration [e.g. 9], providing information 

on silicate mineralogy, the presence of amor-

phous vs. glassy materials, and the presence of 

sulfates and organics (Fig. 1). Thus, this dual 

wavelength spectroscopic capability is desira-

ble for solar system exploration, particularly 

for small satellites and mass-constrained 

landers. 

Design Reference Case: The target per-

formance requirements are  

1) measure wavelength ranges including 

2.0-4.0 µm and 8-12 µm reflectance 

and emission  

2) with at least 0.02 µm and 10 cm-1 

wavenumber spectral resolution, suf-

ficient to identify key absorption 

 
Figure 1. Our 2U SWIR+MIR point spectrometer will determine the 
type and quantity of volatiles on planetary surfaces,  motivated by the 
desire to discriminate hydrated minerals, carbonates, sulfates ices, 
organics, and ammoniated species as well as discriminate amorphous 
and crystalline silicates. 

 
Figure 2. Compact 2U SWIR-MIR point spectrometer as designed 
with prototype in build. 
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phases [1-9]  

3) with an IFOV of ≤5 mrad 

4) with SNR sufficient to detect 1% band depths 

due to OH/H2O and Si-O on a 0.05 albedo as-

teroid. The 1% band depth threshold is set to 

be significantly lower than that measured for 

hydrated meteorites in lab and for asteroids in 

telescopic data [1, 9]. 

5) Resource utilization of mass <1.5 kg, power 

<5 W, volume <2U.  

Status: A breadboard is currently under develop-

ment at JPL. A microcryocooler maintains two tem-

perature zones for the BIRD and thermopile detectors, 

which share an optical assembly comprised of tele-

scopic optics, relays, and a curved grating spectrome-

ter (Fig. 2). The optical assembly performs as ex-

pected. We are presently testing detector performance, 

mounted on the FPA assembly, under vacuum as a 

function of temperature, as controlled by the micro-

cryocooler. Integrated system tests with calibration 

targets and meteoritic materials are expected for mid-

2019. Anticipated TRL is ~5, suitable for incorpora-

tion in upcoming SIMPLEx, Lunar, Discovery, and 

New Frontiers missions. 
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