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Abstract: A deep UV tunable narrow-passband light source module for the nitrate measurement system is proposed
and demonstrated in this paper. The module consists of a deuterium lamp, an angle rotation stage, a motorized filter
wheel, the deep UV optical filters with different central wavelengths, as well as the collimating lens. Seven UV filters
with different central wavelengths of 220 nm, 230 nm, 240 nm, 250 nm, 260 nm, 270 nm and 280 nm are placed on
the filter wheel. Based on the principle of multiple-beam interference, the central wavelength of the transmission light
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and the rotation angle are regressed and calibrated to obtain the relationship model. The experiment results dem-

onstrate that with the rotation angle from 0 to 30°, each filter can realize wavelength tuning range of 10 nm. In addi-

tion, the designed deep UV tunable light source module can obtain monochromatic light with the wavelength ranging

from 212 nm to 280 nm, which meets the measurement requirements of the nitrate in seawater.

Keywords: narrowband light source; deep UV tunable wavelength; optical filter; multiple-beam interference; nitrate

measurement
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Fig. 1 Schematic diagram of the multiple-beam interference
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Fig. 2 Schematic diagram of the UV tunable light source module

210173-3



Str THR, 2021, 48(8): 210173

https://doi.org/10.12086/0ee.2021.210173

Motorized filter wheel [l =W |:]
~
' [+

B3 ZREAEAR

Fig. 3 Experimental equipment
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Fig. 4 The control program. (a) Flow charts; (b) Interface
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Fig. 5 Schematic diagram of the experimental device
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Fig. 6 Original and smoothed spectral data of filters with different central wavelengths
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Table 1  Fitting parameters of the equation (12) of different UV filters
Filter 220 nm 228 nm 239 nm 250 nm 260 nm 270 nm 280 nm
Ao 221.99 229.78 240.45 251.25 261.83 270.89 279.70
niN 0.6808 0.7302 0.7548 0.6590 0.7662 0.7564 0.7809
Do 3.0762 5.9561 6.5074 4.3775 8.0196 6.4473 6.6042
Central wavelength
0.904 0.781 0.607 0.500 0.704 0.330 0.107

calibration error/%
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Schematic diagram of the UV tunable light source module

Overview: Nitrate is the mainly form of existence of nitrogen in seawater and is related to the outbreak of red tides. The
ultraviolet (UV) absorption spectroscopy based on Lambert Beer law is one of the major technologies of nitrate mea-
surement. This technology has a high requirement for the monochromaticity of light source. However, the present
commercial nitrate sensors, including SUNA, utilize the broadband light source, which may lead to measurement errors.
Therefore, it is important to design a new UV tunable light source with monochromaticity for the nitrate measurement
system. Currently, both UV Laser Diode (LD) and UV Light Emitting Diode (LED) are the widely used UV light sources,
but they are not suitable for the long-term and in-situ nitrate measurement system due to the low power of these light
sources. Deuterium lamp, as a kind of UV gas light source with high power and stability, is a good choice to obtain mo-
nochromatic lights with different filters. This paper proposes a new UV tunable light source module based on the prin-
ciples of Fabry-Perrot interference and multiple-beam interference. This light source module could obtain continuously
adjustable ultraviolet light by changing the angles between the incident light and the filters. The module consists of a
deuterium lamp, horizontal and vertical rotating tables, UV optical filters with different central wavelengths, and colli-
mating lens. The filters are placed in the horizontal rotating table which has the filter capacity. UV narrowband light
with different central wavelengths could be obtained by changing the position of the vertical rotating table. The hori-
zontal rotating table is utilized to change the angles between the incident light and filters. The UV tunable light source
has 7 optical filters with central wavelengths of 220 nm, 230 nm, 240 nm, 250 nm, 260 nm, 270 nm and 280 nm respec-
tively. The experiment results demonstrate that with the rotation angle from 0 to 30°, each filter can realize wavelength
tuning range of 10 nm, and the designed deep UV tunable light source module can obtain monochromatic light with the
wavelength ranging from 212 nm to 280 nm. With the presented new light source module and the data processing me-
thod, the absorbance spectrum is smoother and more distinguishable than those with broadband light source. This pa-
per proposes a reliable method to realize the UV tunable light source module for the nitrate measurement system and
verifies the feasibility of this system. This work can provide the integration and optimization of the nitrate sensor with
technical supports.
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