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OUTLINE

o 2° year PhD Research activities:

» Quartz Enhanced Photoacoustic Spectroscopy employing

custom Quartz Tuning Forks

» Optical coupling of tapered Hollow-Core Waveguides with
interband and quantum cascade lasers in the mid-infrared

spectral range

o 3° year PhD goals

o List of publications, conference proceedings and talks



RESEARCHACTIVITY

1- Study, realization and characterization of QEPAS gas

sensors employing custom QTFs

o Ethylene detection at sub-ppm concentrations;

o Detection of a set of absorption lines of methane and

nitrous oxide employing a broad band laser source;

o New spectrophone configuration: single-tube on beam
(SO-) QEPAS.



RESEARCHACTIVITY

2- Study of the coupling conditions of tapered Hollow-core

wavequides with laser sources in the mid-infrared spectral

range and experimental demonstration of low-loss single

mode laser beam delivery within the range 3.5 - 7.8 um.
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Introduction

Quartz Enhanced PhotoAcoustic Spectroscopy (QEPAS)

o Targetgas excited by laser source

o Photoacoustic effect: heat conversion of
light absorbed by target

laser modulation — pressure wave
generation

o Piezoelectric Quartz Tuning Fork (QTF) as
acousto-electrical transducer

o Signal intensity proportional to target gas
concentration



Introduction

QEPAS spectrophones
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Fundamental mode Overtone mode
Custom QTFs: A A
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o Higher Quality factor
o Single-tube spectrophone configuration
o Enhance the first overtone mode
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Dong, Lei, et al Applied Physics B: Lasers and Optics 100.3 (2010): 627-635.



Compact quartz-enhanced photoacoustic sensor for sub-ppm
ethylene detection in atmosphere

Ethylene (C,H,): one of the most basic hydrocarbon chemical building
blocks. Processing chemical plants turn it into polyethylene, polyester, PVC,

polystyrene, ethyline glycole. Ethylene detection is fundamental for even
rising demand of this gas.
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Compact quartz-enhanced photoacoustic sensor for sub-ppm
ethylene detection in atmosphere

Sensor calibration
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Absorption coefficient (cm™)

Quartz-enhanced photoacoustic gas sensor employing a
broad-band laser source in pulsed operation

32 DFB QCLs array

Emission range: 1200-1310cm™*

Linewidth of each QCL emission: ~ 1.5 cm™

Frequency spacing between consecutive QCL emitters: ~ 4 cm-1

Custom QTF @750 Torr
F: 25400 Hz (first overtone mode)
Q factor: 28940

Gas target
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Methane (CH,)
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Envelope of N,O spectral lines well reproduced
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QEPAS Signal/Normalized Power (mV

Quartz-enhanced photoacoustic gas sensor employing a
broad-band laser source in pulsed operation
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Single-tube on beam quartz-enhanced photoacoustic
spectrophones exploiting a custom QTF operating in the

overtone mode

QEPAS measurements with QTF operating
with the First Overtone mode (F: 25400
Hz, Q factor: 28940) and a Single-Tube set
at 12 mm from the top in On-Beam

configuration (SO-QEPAS)
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Front view
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Top view ( C

Patimisco, P, et al., Advances in Physics: X 2(1), pagg 169-187 (2017)
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Single-tube on beam quartz-enhanced photoacoustic
spectrophones exploiting a custom QTF operating in the
overtone mode

Investigation on the influence of the tube Internal Diameter, Length and Slit with on
the QEPAS signal

36
404
< 32
£
S 26 $ w0, | ID =0.88 mm
2 =
@« ©
§ 201 TL = 11 mm
2 < 20 1
i 201 SW =250
5 = Hm
el ol
070 075 080 085 090 095 070 0.75 080 085 090 095
%6 g R
g 32 b
= 161
| =
a3 28 = *
H SNR enhancement
8 24 2 15/
%) < .
<
| - with respect to the
14
< bare QTF: x32
7 8 9 10 11 12 13
| enath (mm)
20" ' ' '
604
g 19
= s
'ug; o 8 184
% 2
g &
@ 40 1 174
&
(e}
164
100 150 200 250 300 350 400 100 150 200 250 300 350 400

Slit width (um) Slit width (um) 12



Low-loss and single-mode tapered hollow-core waveguide
optically coupled with interband and quantum cascade lasers

Theoretical modeling for best coupling conditions
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Low-loss and single-mode tapered hollow-core waveguide
optically coupled with interband and quantum cascade lasers

Experimental results
QCL@ 7.8 pm QCL @ 6.5 pm QCL @ 5.2 pm QCL @ 4.6 um ICL@ 3.5 pm

Beam profile at laser exit

—

X (r?]m)

) ICL@ 3.5 um

Beam profile at HCW exit
and propagation losses

Total losses L, (dB)

3.5um 4.6 pum52um 6.5 pum 7.8 um

Single-mode output in the 3.5-.8 um spectral range with minimum losses of 1.27 dB at146.2 BHm
Giglio, M. et al. Optical Engineering, 57(1), p.011004 (2017)



3° year PhD goals

o Design and realization of custom quartz tuning forks, aiming at:
1) reduce the resonance frequency;
2) keep high the Q-factor;

3) optimized electrode layout for overtone flexural mode. |||
(prongs spacing 0,8 mm) (prongs spacing 0,8 mm, (prongs spacing 0,8 mm, (prongs spacing 1,5 mm) (prongs spacing 0,7 mm,
groove) Top enlarged) octupoleconfiguration)

o Development of a compact version of the Ethylene QEPAS sensor,
implementing an ADM equipped with a new generation QTF and a
single micro-resonator tube for PW2018.
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