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Light-induced thermo-elastic spectroscopy
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2f wavelength
modulation spectroscopy

Optical modulated LASER absorption

Photothermal energy generation Custom QTFs can improve LITES
Thermo-elastic conversion performance with respect to
Induced vibration standard QTFI!]

Piezo-electric charge accumulation

[11 Y.Ma, Y. He, P. Patimisco, A. Sampaolo, S. Qiao, X. Yu, FK. Tittel, V. Spagnolo, “Ultra-high sensitive trace gas detection based on
light-induced thermoelastic spectroscopy and a custom quartz tuning fork”, Applied Physics Letters 116, 011103 (2020).



LITES signal mapping on QTF surface

7.2 kHz - Fundamental mode
0° degrees tilt

Peak Signal
20 mV




LITES signal mapping on QTF surface
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LITES signal mapping on QTF surface

The piezoelectric charges are proportional to the strain intensity

1t Overtone signal
mapping and
strain simulation




LITES signal mapping on QTF surface

9.5 kHz - Fundamental mode

0° degrees tilt




LITES signal mapping on QTF surface

The QTF-T1GO08 signal is 14 times better compare to the other QTF, but
the strain is only 1.7 times higher. Are we hitting the right point?

7.2 kHz - MC ” ” ” ” | ‘ ‘ ‘ 9.5 kHz -T1G08




Peak Signal (mV)

Best LITES signal by varying hitting angle

Top View
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The effects due to the different gold pattern can be overcome
by appropriately choosing the hitting angle



QTF SNR comparison and analysis
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Apart from standard QTF, LITES SNR values follow
a linear trend as a function of the product t-&




Comparison LITES - Photodetector
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Pressure analysis
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The LITES SNR follows almost the same trend as the

QTF accumulation time
SNR @ 5 Torr = 13500




Comparison LITES - Photodetector

NEAR-IR and MID-IR spectral ranges
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The QTF performances are comparable with respect 1o
those obtained for commercial detectors




CH,~ H,O QEPAS concenfration measurement
near a traffic light




QEPAS peak signal (mV)

4 sensor calibration
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The QEPAS peak signal is
constant over 1 hour
measurement

MDL = 600 ppb

The sensor calibration shows
the possibility of measuring the
CH, atmospheric
concentration



,O-CH, spectral scan
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The CH, QEPAS peak value was almost unchanged




CH,4-H,O concenftration near a fraffic light
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Good agreement between values measured by the
QEPAS sensor-head and those calculated from the
measurements provided by the weather station




CH,4-H,O concenftration near a fraffic light
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During rush hours, the methane concentration reaches peak values up to 8.5 ppm
Average values of 2.4 ppm were measured during two rush periods




Third year goals

« LITES with multipass cells

Improvement of detection sensitivities

* QEPAS sensors for environmental monitoring

O, N,O, NO,, SO,, NH; === PM2.5 creation
CO, CO, — Coal, gas & oil consumption
CH, CO,, N,O, H,O =  Greenhouse gases
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