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Optical waveguide structure design of Non-dispersive Infrared (NDIR)
CO, gas sensor for high-sensitivity

Jiyoung Yoon', Junyeop Lee'?, Namgon Do'?, and Daewoon Jung"*

Abstract

The Non-dispersive Infrared (NDIR) gas sensor has high selectivity, measurement reliability, and long lifespan. Thus, even though
the NDIR gas sensor is expensive, it is still widely used for carbon dioxide (CO,) detection. In this study, to reduce the cost of the NDIR
CO, gas sensor, we proposed the new optical waveguide structure design based on ready-made gas pipes that can improve the sensitivity
by increasing the initial light intensity. The new optical waveguide design is a structure in which a part of the optical waveguide filter
is inclined to increase the transmittance of the filter, and a parabolic mirror is installed at the rear end of the filter to focus the infrared
rays passing through the filter to the detector. In order to examine the output characteristics of the new optical waveguide structure

design, optical simulation was performed for two types of IR-source. As a result, the new optical waveguide structure can improve the

sensitivity of the NDIR CO, gas sensor by making the infrared rays perpendicular to the filter, increasing the filter transmittance.

Keywords : Non-dispersive Infrared gas sensor, CO,, High-sensitivity, Optical waveguide structure design, Optical simulation.
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Fig. 1. Schematic of a typical NDIR gas sensor.
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Fig. 2. The CO, absorption coefficient spectrum under 500 ppm
taken from the HITRAN database.
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Fig. 4. Design of an optical waveguide for high-sensitivity NDIR gas
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Table 1. Parameters for simulating the NDIR gas sensor.

Parameter Value
Number of starting raying 10000
Optical waveguide internal reflectance 90%

Parabolic mirror Perfect Mirror
Bulb material (1088 T1)

Window material (L15895 series)

Sapphire
Si with AR coating

L15895-430M
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Fig. 10. Statistical distribution of the incidence angle of the filter
with the simple cylindrical optical waveguide; (a) 1088 T1
and (b) L15895-430M.
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