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ﬁ_ﬁ.ﬂgﬂ * Motivation: Wide Range of Chemical Sensing

Applications
Optics East * Widely Tunable Mid-IR QCL Sensor Platform
Boston, MA + External Cavity Quantum Cascade Lasers

» Quartz Enhanced L-PAS (Freon 125, acetone}

* Nitric Oxide

+ Summary and Future Directions

HITRAN Simulation of Absorption Spectra
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Mid-IR Source Requirements for Laser Spectroscopy

REQUIREMENTS

IR_LASER SOURCE

Sensitivity (% to ppt) Power
Selectivity Single Mode Operation and Narrow
Linewidth

Multi-gas Components, Multiple Tunable Wavelengths
Absorption Lines and Broadband

Absorbers

Directionality or Cavity Mode Beam Quality
Matching

Rapid Data Acquisition Fast Time Response

Room Temperature Operation No Consumables

Field deployable Compact & Robust

Quantum Cascade Laser: Basic Facts
* Semiconductor lasers {1V materials) -

+ Multip}
. ith i defined by band-
and i dent of fal energy
. Laur wavelengths cover the Mid-IR range {~3- 24pm)
h efficiency (C: ding: 1

. Hlnh laser power { >500 mW cw, >5W peak for pulud)

* High spectral purity - single with DFB {(~-10cm? tuning,

~2cm-! current tuning) or external cavity (>200 cm tunability - pulsed moda)
* High reliability, long lifetime
* Capable of room temperature operation (Pulsed: up to +150°C; CW: up to RT)
* Compact =
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Tunablc external ca\ny QCL bascd spectrometer

| * Highresolution mode-hop free wavelength tuning
* PZT controlled EC-length
* PZT controlled grating angle
* QCL current control
* Motorized coarse grating angle tuning
* Vacuum tight QCL enclosure with build-in 3D lens
positioner (TEC laser cooling + chilled water cooling)
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Performance of'a 8.4 pm EC-QCL
spectroscopic source
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High resolution spectroscopy with a 8.4um EC-QCI

* Mode hop free scan of up to ~1.25 em*!
with a resolution <0.001cm* (30MHz)
can be performed anywhere within the
tuning range
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Wide Wavcelength Tuming of a 5.2pm EC-QCL
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* Mode hop free scan of up
“oa0 to ~2cm! with a resolution
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HITRAN SIMULATION
Absorpion
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Motivation for Monitoring Freon [235 and acctone

* Freon 125 (C,HFy)
® Refrigerant (leak detection)

" Safe simulant for toxic chemicals e.g. chemical warfare
agents

* Acetone (CH,COCH,)

" Recognized biomarker for diabetes

BOTH MOLECULES HAVE BROADBAND
UNRESOLVABLE ABSORPTION FEATURES !!!
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RICE
QEPAS sensor
s-QoP
¥
i * Miniature size, 0.3 mm?® detection volume
g = Dimensions in mm: length =3 8, gap size =03,
£ thickness = 0 3, width = 0 58
3 * Piczo-active material
* Signal currents = pA
= Intrinsically high Q factor, ~ 10,000 at ambient
Pressurc; (, e, ~ 125,000
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8.4 um RT CW EC-QCL based QEPAS
trace gas sensor

QEPAS characteristics:

* High sensitivity (ppm to ppb}
* Excellent dynamic range
* Immune lo environmental naise
* Uitra-small sample volume (< 1 mm?|
. s kmiled by the
thermal TF nose
* Compacl, rugged and low cost
* Potential for race ges sensor networks
* Doos not requrre an IR pholodetectar
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Spectroscopy of Broadband Abso_rbers with
Widely Tunable EC-QCL at 2 = 8.4 um

QEPAS concentrabion mocasurement of 8
Froon 125 and scclone nusture

QEPAS concentration measurement of Froon
125 (15 ppem maxtue 1 )
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* Mimmum detection hmit (10) of = 3 pplb ® Wide wnatnlity enables excellent

was obtained for Ereon 125 with an
average laser power of 6 6 mW

maokecular selectivity’ for broad band

absorbers
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Single point measurements of Freon 125
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QEPAS cthanol spectrum between 1825 & 1980 em!

Wavenumber fem’']
1830 1860 1890 19520 1950 190

4 42 —— EIOH (7. 2%)ewaler (0.24%) Lo
—— E1OHetPNNL
2606 —— water nes-HiY

Absorbance x 10 [base-10]

.S T T T T =l
180 1860 1890 1920 1950 1080
Wavenumber [cm”|
Reference spectrum from the PNNL spectral database (black line).
Sharp features on the ethanol spectrum correspond to the water absorption lines
Blue line depicts water absorption spectrum simulated using HITRAN database sy
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EC-QCL - Important Facts
Laser speci provid peri ) _‘mmn.um'

resolution compared to other techniques
eg FTIR I

+ Single mode operation of the laser is required
for high resolution spectroscopy

Wavelength tunability of single mode (DFB)
mid-IR semiconductor lasers is ~10cm! .
AGAT AT 1947 18 153718 1547 21 18474

Gain ! ight provide tunabhty of Wavenumber [em ']
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New designs of fast broadly tunable EC-QCLs (2007)

* Optical configuration based on the
previous EC-QCLs
* Fast tuning capabilities:
* Broadband tuning up to 1KHz
* High resolution mode-hop free
tuning up to 400Hz

* New optical configuration
* Fast tuning capabiliies
* Broadband tuning up to 6 KHz
* High resolution mode-hop free
tuning up to 6 KHz
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Summary & Future Directions of mid-IR
Sensor Technology

Widely tunable, i wave and th lectrically cooled EC-QCL operating
a1 8.4pm and 5.2 pm were developed
Trace gas ion of two broadband absorbing molecules were d d

Mode-hop free wavelength tuning enables high resolution (<0 001cm-1)
spectroscopic applications

PZT actuated mode tracking system allows employing gain chips operating a1 both
shorter and ionger wavelengths without mod.iﬁcauyoln ol its mccha:rcal construction

(chips with lower efficiency AR coatings can be used)

Wavelength tunability up 1o 15% of the center wavelength with output optical
power up to S0 mW was demonstrated for 8.4 um QC laser

Future design of EC-QCL will focus on increasing of the scanning speed which
now is limited by the mechanical resonances of the EC-QCL construction.

The novel broadly wavelength tunable quantum cascade lasers cnable new
applications in lascr based trace gas sensing

of broadband absorbers. in
VOCs and HCs
= Multi-specics detection




