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Standoff detection of chemical residues using quantum cascade lasers
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Quantum Cascade Lasers — Spectra
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QCL Characteristics: Beam size, Collimation
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Thermal images ~ 1 meter from the lasers



Measuring QCL Spectrum: Wavenumber Calibration 1550 - 1685 cm™
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Bomem MB FTIR as a wavemeter using its external port. Spectra every 1 cm2 133 individual specta superimposed
Measurement Program: step QCL cm?, save interferogram/HeNe fringes, repeat
next step (+1 cm™), analyze interferogram files into spectra



For spectroscopy: need the actual wavenumber value for a given setting
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QCL Spectrum? Wavenumber Calibration 1075 - 1250 cm™
/ Extra peak
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Laser

Performance

* Source based
spectroscopy
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Performance Improvements DLS QCLs — Tuning Range and the Fingerprint Range
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MCT detector
down looking

Parabolic
collection mirror

Laser lens
NaCl

Folding
Mirror

Sample
Coupon

Table Top Standoff Detection System
Distance — laser optics to sample 0.5 m
Distance — sample to collection optics 0.55 m
Reflectance angle — 4 degrees off normal
Quantum cascade lasers (QCLs) are the source
Spot size on sample ~ 2 mm diameter

QCL #1: 1075 to 1250 cm™ (9.3 to 8 um)

QCL #2: 1550 to 1685 cm™ (6.45 to 5.93 um)
Detector mercury cadmium telluride
photoconductor (77K)

Spectra obtained by step scanning the lasers
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Methyl Salicylate Liquid on Aluminum: Standoff at 0.5 m ~14 um
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Methyl Salicylate
Thickness estimation

t

t

V

100%
reflectance

_ 21, _
[ [1+]5 ]

= —139In

= —38.1 In |- ]

1,41, ]

at 1087 cm1?

at 1130 cm!

0.8

Reflectance
o
(@))]

o
~

0.2

0

1075

QCL standoff at 0.5m Methyl Salicylate on Al

1100 1125

t =14 £+ 1um

A

21,
t=—Cln
I + 1,
IZ
1150 1175 1200
Wavenumber
t~InR

1225

1250



Standoff at 1.8 m for 0.67 um of Methyl Salicylate
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Methyl Salicylate on Al: Data for R vs Film Thickness
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High Reflectance Substrates: Reflectance Simulation for Methyl Salicylate Layers
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Low Reflectance Substrates: Reflectance Simulation for Methyl Salicylate Layers
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Low R Substrate: Methyl Salicylate Reflectance on Dark Green Paint on Metal
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Porous Low R Substrate - Methyl Salicylate Reflectance on White Fiber Board
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Summary

Standoff Detection of a Chemical Residue Using
Quantum Cascade Lasers

Conclusions

Laser calibration important — spectral & spatial
Standoff distances in the couple of meter range
Sub micron layer thickness

Experiment and calculation, substrate properties
Outlook

New lasers — thinner residues, full spectrum ID
Larger distances both to laser and detector
Hyperspectral imaging with FPAs for chemical
standoff images 800 to 1800 cm!
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