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Development of robust, compact, highly sensitive & selective
mid-IR trace gas sensor technology based on high performance
interband cascade lasers (ICLs) & quantum cascade lasers (QCLs)
Photonics West  for medacal d env | ng, pheric

2019 chemistry and industrial process control
Development of Laser Absorption Spectroscopy (LAS)
Photoacoustic Spectroscopy (PAS) , Quartz-Enhanced
Photoacoustic Spectroscopy (QEPAS) and I-QEPAS based

trace gas sensor systems

Future development of trace gas sensors for monitoring broadband
absorbers, such as (C3H0), propane (CyHy), b
(C¢Hg) & acetone peroxide-TATP (CcH\,0,)
Drone based sensor systems
mopport by HEF ERC MIRTIE, NSF-ANR NexCILAS, the Firbert Walih Fonsudatian a0 well as wab- |

LASER is an acronym for: Light Amplification
by Stimulated Emission of Radiation

awards ARPA-E from AERIS Technologies & Maxion-Thorlabs and DOD-SCOUT  from JPL is acknowledged

Charles H. Townes (Columbia University) and Arthur L.
Schawlow (Stanford University) conceived the laser in
1960. Theodore Maiman (Hughes Aircraft Company)
demonstrated the first laser: a flash-pumped ruby laser in
",‘\{' the same year. Gordon Gould was a graduate student of
RICE Prof. Townes, and first used the acronym “LASER.”

High-Power Lasers in Space

“Curiosity” landed on Mars on August 6, 2012
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TRACE GAS SENSING
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Trace gases in human breath

A North Dakota Oil Facility in 2016.
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Typical Oil & Gas Production Site near Houston, TX

Laser-Based Absorption Spectroscpy

3-5km ®  Open Path Monitoring (with retro-reflector or back scattering
from topographic target): Standoff and Remote Detection
= Fiberoptic & Wave-guide Evanescent Wave Spectroscopy
® Spectroscopic Detection Schemes
This figure depicts the result of a sequence of four .
fracking i btaned by d | drilling ‘ MH = Frequency or Wavelength Modulation
which creates honzontal production in the target 4 = Balanced Detection
stratum. . N
A DOE-ARPA-E methane detection project at3 327 ®  Zero-air Subtraction i
pm started at an ARPA-E CSU site in 2017 A Be " Quartz Enhanced Photoacoustic Spectroscopy (QEPAS)
D >
RICE RICE 10

® QOptimum Molecular Absorbing Transition
= Overtone or Combination Bands (NIR)
= Fundamental Absorption Bands (Mid-IR)
® Long Optical Pathlength
= Multipass Absorption Gas Cell (e.g Astigmatic Herriot -
Aerodyne, Aeris DoE Monitor Bow-Tie)
* Cavity Enhanced and Cavity Ringdown Spectroscopy

Quartz-Enhanced Photoacoustic Spectroscopy
Introduction and Basic Operation

| ® Optical radiation is focused between the prongs of a quartz tuning fork
@ Trace gases absorb optical energy at characteristic frequencies
© A pressure {sound) wave is generated by modulating the laser power
@ Resonant mechanical vibration is excited by the sound waves
@ The h | vib is d to an electrical signal via the plezoelectric effect
© The trace gas is proportional to the electrical signal

e sl

Quartz-Enhanced Photoacoustic Spectroscopy
Merits and main characteristics

@ Small sensing module and sample volume (a few cm?)

@ Wavelength independent

@ Optical detector is not required

® Wide dynamic range {from % to ppt}

@ Immune to environmental acoustic noise

® Acoustic micro-resonator(s) to enhance the QEPAS signal

@ Sensitivity scales with laser power

® Cross sensitivity issues

@ Alignment (no light must hit the QTF or micro-
resonators}

® Responsivity depends on the molecular energy
transfer processes

Record sensitivity: 50 part-per-tritlion
1= 10.54 pm (mid — IR), SF,
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QEPAS gas sensing performance
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Custom QTF 2" generation
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2nd generation results 1% Overtone modes |

'y
Single—tube '
microresonator
(1] y P "

N/ -~
ool i —-

¥
' . .
A SNR gain factor of 500 with respect to the bare %3 ;....L-.'em“ "o
43 openun; in the fundamental mode el
: fevier 5, 011106, 2018
P edlh,scsle:nrsﬂo 021140 2017
2 al Applied Physics Letters 7092 /77705 2016
ititnisco et al. Obtics Express 241 AB82. 2016

3rd generation of custom QTFs

Goal: Reduction of the resonance frequency; high Q-factor; optimized
electrode layout

5 NEW DESIGNS
QTF 508 QTF s08 - G QTF S08 - TOP QrF 515 QTF-Overtone
J _ (eermsmdngo7mm) |
1, 15-17 kHz mn.mm:d B mssum-m muﬂm Enhanced
on both sides of both prongs. mtnlsmm opcmloﬂ@ﬂlﬂzwlhln
the OTF prongs } optimized electrode tavout

|
All these QTFs have the nm:' prong length and thickness

i 1857 2018
F 95| 1957 2018
el al, Optics Express, '.-:O'I- 1415, 2019

3 gen. QTFs —SNR performances

All 3¢ gen. QTFs exhibit
higher performance

2™ gen. QTFs and the
standard 32kHz QTF.

(SNRY) with respect to the |

4% design:
* New designs combining
both prong surface
engraving and top-end
layer thickening.

P Patimisco et al, IEEE T. Ultr Ferr, 65, 1951-1957,

P(R4tmisco et al, Optics Express, 1401-1415, 2019

New QEPAS Acoustic
Detection Module with
31 gen. QTF-available in
the market in 2019




Ethylene detection with 3 gen QTF

C,H, QEPAS Sensor calibration and detection limit

© In chemistry, basic building block hydrocarbon
o Breath biomarker of bacterial infection

o Plant hormone involved in cellular respiration in Climacteric fruits

DFB-QCL emitting &
10.34 pm

Optical power:
61.6 mW

Absorption
linestrength:
2.21-10%° cm/mol
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6100 ms integration time
MDL: 29 ppb
@10 s integration time

MDL: 16ppb  QEPAS record for C,H,!

Visit by Frank Tittel to Thorlabs Booth at Photonics West
Feb. 2018

First commercial Ethylene QEPAS prototype RICE

New QEPAS sensor system
for hydrocarbon (C1, C2, C3)

detection 'Y B
in 2019
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Future development of a Drone mounted QEPAS
Chemical Sensor System

Summary, Conclusions and Future Developments

Development of robust, compact, sensitive, selective mid-IR
trace gas sensor technology based on RT, CW high performance
DFB ICLs & QCLs for environmental monitoring, atmospheric
chemistry, industrial process control and medical diagnostics
Realization of QTFs 3 generation all showing improved
performances with respect to standard and 2™ gen. QTFs.
Demonstration of an Ethylene QEPAS sensors employing 37
generation QTF resulted in a minimum detection limit of 10 ppv
for a 10 sec integration time aimed at breath sensing applications.
Future development of QEPAS on drone sensors for monitoring
of carbon dioxide (CO,), methane (CH,), ethane (C,H) in
collaboration with Aramco, Houston, TX

Future development of a QEPAS sensors for hydrocarbon
isotopes detection




