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oA G 3 E H Ultra-miniature long-wavelength infrared Fourier
spectroscopy with high sensitivity and wavelength
resolution for on-site component identification
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We aim to realize a society in which the passing of daily data contributes to solving
social issues, such as achieving Sustainable Development Goals, by establishing highly
sensitive and ultra-miniature spectroscopic systems mounted on wearable terminals.
Presently, we obtain component data and identify a component using expensive and
large equipment at laboratories and specialized institutions after samples are picked up
on site. However, if a small and low-cost sensor that measures and identifies
components of samples becomes common, the public can obtain component information
on site and specialists can receive on-site information from them. An on-site temporal
monitoring system of component information would thus be realized. Presently, small
sensors mounted on wearable terminals can detect acceleration and illuminance but few
other components. Attempts have been made to miniaturize spectroscopic imagers in
the visible wavelength region and mount them on smartphones. However, infrared
spectroscopic imagers that are appropriate to component analysis have not yet been
mounted on smartphones. It is difficult to obtain data that have a high signal-to-noise
ratio using long-wavelength infrared spectroscopic imagers because the photons of
long-wavelength infrared light are absorbed readily by water and the light intensities
are thus very weak. There are two types of spectroscopy, wavelength dispersive and
Fourier, which have different optical systems. In principle, wavelength dispersive

spectroscopy uses a slit to separate the weak light into individual wavelengths and then



detects their intensities.

Application of wavelength dispersive spectroscopy to long-wavelength infrared spectra
is difficult because the light intensities are low.

Conversely, Fourier spectroscopy has high sensitivity and is well suited to
long-wavelength infrared measurement applications because it uses white light
containing multiple wavelengths over a broad band.

Fourier spectroscopy uses one of two types of instruments. The first is the temporal
phase-shift interferometer, which registers optical path differences by moving a mirror,
as used in the Fourier-transform infrared spectrometer based on the Michelson
interferometer. The second is the spatial-phase-shift interferometer, which registers
optical path differences using a Wollaston prism to remove the need for moving parts, as
used 1in the static 1imaging Fourier transform spectrometer. Therefore,
spatial-phase-shift interferometers have high time resolution and can measure
components quantitatively and continuously. However, the light intensity per pixel of
the array device is too low because, in principle, over the objective plane of the
interferometer, the beam will spread out from the bright point.

I establish the wide-field-stop and beam-expansion method, superimposing
interferogram method, and point-one-shot Fourier spectroscopy to improve the detected
light intensity, the interference definition, and the wavelength resolution of
spatial-phase-shift interferometers that can be used as small infrared spectrometers
mounted on wearable terminals. Point-one-shot Fourier spectroscopy, which uses only
one lens and a camera and one spatial-phase-shift interferometer, detects
two-dimensional fringe patterns using point-area information and thus achieves high
wavelength resolution using a low-cost low-pixel camera.

Conventionally, the sensitivity that is combined using the detected light intensity and
interference definition of spatial-phase-shift interferometers is lacking because a field
stop is inserted in the optical system and the wavelength resolution and sensitivity of
interferometers have a trade-off relationship. However, by combining my three proposed
methods, we realize ultra-miniature long-wavelength infrared Fourier spectroscopic
imagers that have high sensitivity and wavelength resolution for on-site component

1dentification.
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