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01 Motivation — Gas sensing

1. Industrial Process Control
Detection of leaks

In-line/on-line monitoring

2. Environmental Monitoring
Greenhouse gases monitoring

Detection of toxic gases and pollutant

3. Health and Life Science
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Breath analysis for early-stage disease detection




Motivation — Gas sensing

High selectivity:

High sensitivity:

High speed measurement

No sample treatment needed

Intensity (cm/mol * 10 78)
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Environmental Industrial process
monitoring

control

Medical diagnosis
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Laser spectroscopy for gas sensing: ICAPS
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Direct and Indirect Absorption Spectroscopy
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The Fabry-Pérot Interferometer
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Interferometric Cavity-Assisted Photothermal Spectroscopy Cfjus:

Fundamental conditions:

1. Spatial overlap of probe and excitation
beams

2. Probe spectral tuningto the A
interferometric fringe
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On the side-fringe (inflection point):
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Clausius-Mossotti approximation: én = —

Tabs

2. Thehigherthe Finesse, the higher will be the
[1] D. Pinto, J.P. Waclawek, S. Lindner, H. Moser, G. Ricchiuti, B. Lendl, Wavelength sensitivity towards photothermal effect
modulated diode probe laser for an interferometric cavity-assisted photothermal
spectroscopy gas sensor, Sensors and Actuators B: Chemical. 377 (2023) 133061.
doi:10.1016/j.snb.2022.133061.




o2 Interferometer stability Cfus:

 In real-case scenarios, many parameters affect the

interferometer stability:

Eos }‘probe
Temperature Affect the <
5 . ~
Pressurs refractive index
Gas composition ; o
Wavelength S:J
I  Probe laser must be locked to the inflection point to compensate for drifts i
. ©
* Diode lasers are capable of fast wavelength tuning by acting on the #r' - %
bias current. However, also the emitted optical intensity (I,) changes M N -
as a function of the current!  ITF, Loy Lt o
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0: Experimental apparatus — NO detection

MCT (optional)

NIR-photodetector
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Diode laser

Excitation laser

| Excitation laser:
- CW-DFB-QCL

@ 5.26 ym (1900 cm™1)
ﬁ * Optical Power 30 mW

Probe diode laser:

* CW-DFB-DL telecom @
15562 nm

NIR detector

Shift in detection from
MID-IR to NIR, where
photodetectors are
cheaper and perform
better.
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Locking scheme flus:

Signal 4
f
_[l\_] ______ i (}\p) FPI resonance profile
—— 2" harmonic (2f)
Inflection point
2f zero-crossing

M N
—T T J\j \/P i)

STTRAALYY e

Current
Driver

p
_ Lock-in
/\I ICAPS cell | Amplifier

—~ ~ Photodetector \

Probe <=

™
(Q\|
(@)
(Q\|
+—
n
©
0
o
[
O
4+
O
e
s
|
L
—
o
D]

™
(QV
(@)
(QV
—
o
—
™

2f-demodulation




Normalization scheme Cfus:

I 4
I Probe wavelength is modulated
) o
e forlocking purposes
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Wavelength modulated probe diode laser flus:
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Periodic excitation — 2f Wavelength Modulation Spectroscopy (WMS) Cfus:

Cross-section

cm2/molecule)

(
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x 10719

Hitran database simulation

p=900 mbar

1901 1900.8 1900.6 1900.4 1900.2 1900 1899.8 1899.6

Current

2f-Signal

Wavenumber (cm'1)

0 24 48 72 96 120 144 168 192 216 240

Time (sec)

QCL current is modulated with a sine wave
(fexe) a@nd scanned across the analyte

absorption line

The signal is demodulated at the 2nd

harmonic (2f.,.)
v’ Background free technique

v/ Peak value stores the analytical

iInformation
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Proof of normalization

. Aconstant PTS signal was generated (97.5

ppm of NO/N,)

. The PTS signal was transduced at low-

current and high-current fringes

. The PTS signal is normalized to the probe
1f-demodulated signal (ratio of red and

blue curves)

. Normalized signal doesn’t depend upon:
 Interferometer quality (aging)

« Varying optical intensity
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NO detection via ICAPS Cfus:

Spectral Scan

Wavenumber (cm™)
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o4 ICAPS Recap fjus:

v" Reduced sensing volume: design of portable and
rugged sensors

v Modulation frequency can be freely tuned:
fundamental for slow relaxing gases

v" Open for many applications!
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Outlooks

« Long-wavelength QCLs for BTEX detection

Wavelength (um)
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« Tapered QCLs for improved optical power output

Cfus:

Optical Sensing using
Advanced Photo-Induced Effects

Pexc |

PTS Signal OCf—V }

Taper angle w
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FILTERING OF THE FUNDAMENTAL ADIABATIC EXPANSION AND
TRANSVERSE MODE AMPLIFICATION OF THE FIELD ’
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Tapered quantum cascade lasers in the long-wavelength
mid-infrared region
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