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Outline 



QTF 

Quartz-Enhanced Photoacoustic Spectroscopy 

o Target gas excitation by a laser 
source 

o Laser modulation to generate 
pressure waves 

o Sound waves detection by a 
resonant quartz tuning fork  

QTF 

o Charge distribution generation via 
piezoelectric effect 

o Charge collection by gold 
electrodes 3 

Laser 

o   

o No optical detector required 

o Small detection module volume 

o High selectivity and sensitivity 

o Wide pressure and temperature 
dynamic range 

o Detector insensitive to the 
excitation wavelength 
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Hollow-core waveguides as spatial beam filters 
Motivations  
Low spatial quality of laser beams can affect the ultimate performance of gas sensors 

Optical coupling with HCWs acting as spatial filters 



Hollow-core waveguides as spatial beam filters 
Theoretical model to select the coupling lens focal length 
for best optical coupling conditions (low-losses, single 
mode delivery) 

HCW-coupled QEPAS sensor for SF6 leaks detection 

Detection limit: 2.7 ppb @ integration time 1 s 
 
Leak flows sensitivity of 10-9 mbar∙l/s 
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Motivations  

Custom quartz tuning forks design 

Influence of geometrical parameters on QTF f, Q-factor, R 
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Commercial 32.78 kHz QTF 
optimized for timing purposes 

A new design for spectroscopic 
applications is needed! 

QTF#1

QTF#2 QTF#3 QTF#4

QTF#5

QTF#6

Low electrical resistance 

Resonance frequency < 1/2πτ  

High quality factor (Q-factor) 



Custom quartz tuning forks design 
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T-shaped prongs QTF  

SNR 

enhancement 

I-shaped+AMR 

tubes 
x 28 

T-shaped+AMR 

tubes 
x 60 

Standard geometry-
QTF  

(Rectangular 
parallelepiped,  

I -shaped prong) 

Record! 

QTF-S08 

QTF-S08-T 



Custom QTFs implementation in QEPAS sensors 
Methanol detection in THz spectral range (3.93 THz-QCL) 

a) b) 

96.4% of light intensity passes 
between the prongs 
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MDL = 160ppb  
NNEA = 3.75×10-11 cm-1W/√Hz 

2016  
QEPAS RECORD! 

QTF#5 



Custom QTFs implementation in QEPAS sensors 
Ethylene detection in mid-IR spectral range (10.3 μm-QCL)  

QTF-S08-T 

@10 s integration time 
MDL:  10ppb 

Selected 
line 



Compact QEPAS Sensor 

SF6 leak Sensor 
@Masmec S.p.A. 12 



Compact QEPAS Sensor 

Photonics West 2018 – San Francisco 
QEPAS Sensor @Thorlabs Booths 13 

Size 40 x 30 x 15 cm3 
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Motivations  
Many harmfull, greenhouse, biomarker gases belong to the class of 
broadband absorbers. For example, hydrocarbons and nitrous oxide 

Broadband absorbers detection 
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       RECORD for QEPAS technique! 16 

Methane (C1), ethane (C2) and propane(C3) 
detection employing a single ICL (@ 3345 nm) 

o Detection limit C1: 90 ppb @ integration time 1 s 
o Detection limit C2: 7 ppb @ integration time 1 s 
o Detection limit C3: 3 ppm @ integration time 1 s 

HITRAN simulation QEPAS measurement 

Size 30 x 20 x 10 cm3 



Methane and nitrous oxide detection 
employing a monolithic 32 DFB-QCLs array 
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@10s integration time 
 

MDL N2O :  0.06 ppm 
MDL CH4 :  0.22 ppm 



Conclusions 
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o HCWs for single mode delivery 

 

o QEPAS-based sensors employing 

new-design QTFs 

 

o Broadband absorbers detectors 

CH3OH detector in THz 

C2H4 detector @PWEST 

CH4,N2O detector 

Ruggedized 
CH4, C2H6, 
C3H8 
detector 
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Courses (16 CFU) 
 

1) Management and knowledge of European research model and promotion of research results 
2) How to prepare a technical speech in English 
3) LabView introductory Course 
4) Complex Systems 
5) Optical sensors 
6) Principles of optoelectronic and photonic sensors 
7) Programming FPGA with LabView 
8) Gaseous detectors 
 

 Teaching activities 
 

1) Attività didattico-integrative per l’insegnamento “Fisica Generale” per la durata di 40 ore, Corsi Comuni – 
Politecnico di Bari, responsabile Prof. V. Spagnolo. Marzo 2018-Giugno 2018 
2) Attività didattica relativa alla disciplina di FISICA nei corsi di preparazione e approfondimento per lo studio 
delle materie di base e del CAD per la durata di 8 ore – Politecnico di Bari. 13 settembre 2018 - 20 settembre 
2018 
3) Attività didattico-integrative per l’insegnamento “Fisica Generale A”, Corso di Ingegneria Elettronica e 
delle Telecomunicazioni – Politecnico di Bari, per la durata di 40 ore nel periodo Aprile 2016-Luglio 2016, 
responsabile Prof. V. Spagnolo. 
 

Awards 
1) Best presentation at the 70th Workshop: TeraHz physics, Erice, Sicily, 16-23 July 2016  
2) Miglior progetto di ricerca nel contesto del corso “Management and knowledge of European research 
model and promotion of research results” A.A. 2015-2016 
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