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Abstract — This paper describes about the simulation and the experimental results of optical cavity with
curved mirror surface and vertical mirror surface to improve the light intensity and efficiency of the optical
sensors. When we use the vertical mirror surface, the distribution of light reached to the filter surface of
detector shows an elliptical shape. Whereas, the curved mirror surface focuses the light into circular shape.
Therefore, due to focusing effects in case of using curved mirror surface, the light intensity per unit area
has been improved. Consequently, the output voltage of gas sensor has been expected to increase. Based
upon the simulation, the experiment of gas sensor has been conducted with CO, gas from Oppm to 2,500 ppm
at 250 ppm step and 25°C, 45%R.H. ambient. The output voltage of gas sensor that has a curved mirror
surface increases approximately 200 mV than that of vertical mirror surface.

Key words : NDIR (Non-Dispersive Infrared), CO, gas sensor, curved mirror surface, vertical mirror

surface, optical cavity
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Fig. 1. Optical cavity types to increase optical path: a) two
mirror type, b) cylinder type, c) tube type.
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Fig. 2. Optical cavity of used simulation: a) with vertical-
mirror surface, b) with curved-mirror surface.

—65—

A
o,

%
o

tlo

9% 2E T2 27
wall detector
a)
Wall detector
b)

Fig. 3. Concept of optical cavities for the increment of
light intensity per unit area: a) with vertical-mirror
surface, b) with curved-mirror surface.
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Fig. 4. The thermopile detector which is used in simula-
tion: a) top view b) section A-A.
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Fig. 5. Infrared light distribution on the detector's filter and
active area: a) with vertical-mirror surface, b) with
curved-mirror surface.
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Fig. 6. A characteristics of the light intensity according to
the position at thermopile detector surface.
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Fig. 7. Developed CO, gas sensor module.
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1, : Light intensity at the IR source [W/cm?|

I :Light intensity on the detector at room tem-
perature [W/cm?]

X : Gas concentration [ppm]

L :Light traveling length from the IR source to
the detector [m]

7y : A radius which concentrated radiation [m]

7; : A initial radius of parallel radiation [m]

T, @ Atmosphere temperature [K]

T, : Absolute temperature of thermal radiation [K]

J2|a 22Xt

: absorption coefficient of target gas
n : Proportional constant that is affected by the
light intensity which is coming from IR source
c 15.67X10°8 [W/(m? - K%)]
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ay, op : Seebeck coefficients [mV/K]
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