Carbon monoxide monitoring for low-power spacecraft fire detection
systems using quantum cascade laser sources at 4.6 µm
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TECHNICAL ABSTRACT
Fire detection instruments are an essential component of spacecraft safety systems that must be accurate and
reliable, but with minimal weight and power requirements. NASA has committed to deploying compact, low-power fire
detection platforms for the International Space Station and future missions by developing instruments to directly monitor
concentrations of particulates, acid gases, and carbon monoxide (CO). Absorption spectrometers1 operating at
wavelengths near 4.6 µm can be used to detect small amounts of CO without interference from carbon dioxide, water
vapor, or other gases that are normally present in habitable environments. We report on the development of an infrared
source for a portable, battery-driven CO monitoring instrument using an aspirated analysis cell and a single-frequency
quantum cascade (QC) laser. The system design improves upon state-of-the-art CO detection instruments in terms of
power consumption and optical-interaction path length, allowing for an overall reduction in size.

Fig. 1. (a) Cross-sectional scanning electron micrograph of an InP-based QC laser, shown with a thick electroplated gold top contact.
A higher-magnification view of the QC core is shown in the inset. (b) CW light output and current-voltage performance for the laser
(soldered epi-layer up to a gold-coated copper submount) at different heat-sink temperatures. The inset shows the laser emission
spectrum versus temperature.
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To minimize system power consumption, the QC laser source must be operable in continuous-wave (CW) mode at
temperatures achievable using a low-power thermoelectric cooler. Furthermore, the laser must include a distributedfeedback (DFB) grating for single-mode operation, in order to maintain stable wavelength tuning while maximizing
interaction with the relevant CO absorption lines. Figure 1 shows a Fabry-Perot QC laser fabricated at JPL that produces
sufficient power for precise CO concentration measurements at thermoelectric-cooler temperatures, but with relatively
low wall-plug efficiency. Schemes for improving efficiency and integrating low-loss etched dielectric DFB grating
structures will be discussed. In particular, numerical calculations indicate that etched surface gratings with dielectric
infilling can provide sufficient grating interaction for DFB QC lasers with cavity lengths on the order of 1 mm,
potentially eliminating the need for buried2 or metal-infilled3 corrugations.
In the completed CO monitoring instrument design, packaged QC lasers are integrated into a single-pass aspirated
cell with a 25-cm path length from the laser source to the detector, as shown in Fig. 2. By scanning the wavelength of the
QC laser using current tuning, the instrument simultaneously collects direct-absorption and second-harmonic spectra.4
With initial calibration of the laser wavelength and tuning characteristics, the absorption spectrum provides an accurate
measure of relatively large CO concentrations, while the second-harmonic spectrum provides higher accuracy at lower
concentrations, resulting in a wide dynamic range of 0.5 to 500 ppmv. Furthermore, the instrument calibration can be
periodically confirmed by measuring intermediate CO concentrations, and comparing the concentration values extracted
from the raw absorption and second-harmonic spectra.

Fig. 2. (a) A laser packaged at JPL with an integrated thermoelectric cooler. (b) Schematic of the aspirated cell, designed for minimum
CO detection sensitivity of 0.5 ppmv, with a packaged QC laser source and a single-pass interaction length of 25 cm.
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