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Project Objective:
In this work, we have designed a high-resolution millimeter-

wave spectrometer into a package suitable for a CubeSat, for 

an all-sky survey instrument to study CO in our galaxy, called 

the CO Surveyor using MMICs (COSMMIC). The goal was 

an end-to-end millimeter-wave pixel, which could be 

proposed on a CubeSat. We have designed the instrument to 

be centered on the CO 2-1 transition at 230 GHz, using state 

of the art MMIC LNA technology (designed at JPL and 

fabricated at NGC) paired with a breakthrough CMOS 

miniature spectrometer. The MMIC LNAs with integrated 

spectrometer, along with the COSMMIC mission concept, will 

enable new science observations utilizing small satellites.

FY19 Results: We have designed an 18 cm on-axis Cassegrain system with a secondary reflector, 45 

degree flat mirror, and calibration system, to have the instrument fit within the volume of a 6U CubeSat. The 

design of the instrument is shown in Fig. 1. The fixturing and alignment of the secondary reflector is critical to 

the optical performance, and so we have devised a scheme to fixture the secondary in place with three narrow 

metal struts, constructed inside a ring which mounts into a 30 cm x 20 cm frame, as shown in Fig. 2. The on-

axis Cassegrain primary and secondary reflector system were simulated and found to have a beam efficiency of 

~70%, with the beam pattern shown in Fig. 3. A prototype primary reflector (shown in Fig 2) was machined, and 

a feed was designed and has been tested. In addition, while we have LNA chips in-hand (the same LNAs that 

we designed for the TEMPEST-D CubeSat), we had an opportunity to design some new LNAs and mixer chips 

in NGC’s 35 nm InP HEMT MMIC process. The new LNAs have been wafer probed and found to have more 

than 17 dB gain at 230 GHz. The opportunity to get new chips fabricated was important in order to try to design 

a subharmonic IQ mixer for 230 GHz, as this part is not available commercially. The mixer was also fabricated, 

and a mixer housing design has been completed. Chip photos are shown in Fig. 4. A Table of the instrument 

mass and power budget is shown below, dissipating < 10 Watts and under 3 kg. 

Benefits to NASA and JPL (or significance of results):
The development of a compact, integrated high resolution spectrometer, centered at 230 GHz for the CO 2-1 transition will be a major breakthrough towards future instrument 

concepts for spectroscopy in astrophysics, enable new science observations, and provide a path toward future low cost science instruments and missions. No existing missions or 

ground-based telescopes can offer the nearly all-sky coverage essential for the science that would be enabled by this technology development. It is also the first demonstration of a 

millimeter-wavelength MMIC-based spectroscopic system that could fit in a CubeSat volume, and since only the front-end components of the systems would differ, is a precursor to 

other science missions at shorter wavelengths where the Earth's atmosphere is totally opaque. 

Figure 1. New design of COSMMIC instrument to fit into a 6U

CubeSat using an 18 cm on-axis Cassegrain reflector.
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Figure 3. Optics Design & Beam Patterns for High Resolution Spectroscopy at 230 GHz Publications: 
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“Carbon Monoxide Surveyor using Monolithic Millimeter-wave Integrated Circuits 

(COSMMIC): A CubeSat Concept for a High Resolution All-Sky Survey of CO in the Milky 

Way,” poster at 2019 American Astronomical Society Meeting, Seattle, WA, Jan., 2019.
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Figure 2. 6U CubeSat Frame with 18 cm on-axis Cassegrain reflector 

with F=0.25, with supports struts for secondary reflector. 
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Fig 4. Newly designed and fabricated MMIC low noise amplifier and I-Q 

mixer chip, and CMOS spectrometer.
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