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“»*Spectroscopic detection of trace gases with CW QCs:
CImultipass cell
(Jcavity ringdown

“*Using pulsed QC lasers for trace gas detection




QC-DFB Compared to Diode Lasers
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Distributed Feedback QC Laser-Schematic
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Spectral Coverage by Diode/QC Lasers
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Trace Gas Detection with a Multipass Cell
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CH,, H,O and N,O Absorption Spectra
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Absorption Spectrum of Room Alr
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IR Absorption Spectrum of Ethanol
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High-resolution IR Ethanol Spectrum
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Reference and Sample Spectra of Ethanol in Air
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Linear Regression Technique
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Results of the Linear Regression Analysis

Species Measured concentration — sample 1 Measured concentration - sample 2
MLR 1-D regression MLR 1-D regression
C,HsOH 11.60x10° 12.12x10° 1.44%10° 1.41x10°
CH, 1.72x10° - 1.70x10° -
N,O 0.302x10°® - 0.301x10°® -
H,0 1.72x10° - 1.73x107 -




Cavity Ring-Down Spectroscopy
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Optical Cavity Transmission
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Absorption lines: NO, H,O and CO,

Laser frequency

Bl NO
H Co,

H H,0

1896 1900 1904 1908 1912 1916 1920 1924

-1
Frequency, cm

RICE



Function
Generator

v

Current
Source

CRDS Gas Sensor

Removable

Function
Generator

mirror

v

A/D Converter

Trigger Circuit

Reference Cell

Ringdown Cell

IR Detec"[ors

. / PZT Driver

Le

—>
as flow

<_




Signal, V

TEM,, and Higher Order Modes
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Signal, V

Laser Linewidth Estimate
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Recorded Ringdown Events
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NO absorption, 60 Torr Total Pressure
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Pulsed Operation of a QC-DFB Laser

ADVANTAGES DISADVANTAGES

¢ Laser can be operated at near-room || ¢ Broader linewidth (~300 MHz)

temperature
¢ Reduced average power

¢ Facilitates temperature control . _
¢ More sophisticated electronics for

¢ No consumables (liquid N,) driving QC laser and data

acquisition are required
¢ Compact
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Pulsed QC-DFB Laser Housing




Manipulating the Pulsed QC Laser Frequency
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Pulsed QC-DFB Spectrometer
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Linearization of Fast Frequency Scan
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Spectral Shape of a Pulsed QC Laser Line
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Absorption, %

“Fast Scan” Detection of Trace Gases In Alr
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Extracting the Concentration
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Results of the Data Analysis

Molecular species CH, HDO N,O
Concentration assumed in 1.7 2.408 0.32
simulations, ppm

Simulated peak absorption 4.58% 0.29% 2.15%
Number of scans 1000 1000 200
Linear regression slope 1.195+0.005 1.7840.05 0.998+0.014
Resulting concentration, ppm 2.032+0.009 4.28+0.12 0.319+0.004
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NH, Sensor Based on Pulsed 10.05 um laser

One IR detector
=% Sensitivity ~0.3 ppm




Ammonia Spectrum at 993 cm-?
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Two-Channel Data Acquisition
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CO Absorption: Ambient Air Sample
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CO concentration, ppm

CO Concentration Measurements
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Summary and Future Outlook

A variety of approaches can be used for QC-DFB laser based
spectroscopic detection of trace species;

*Molecules detected with QC lasers at sub-ppm levels in the Rice Laser
Science group: CH,, N,O, NH,, CO, NO, H,0, C,H:OH

Future developments

¢ Make compact gas sensors based on pulsed thermoelectrically
cooled QC-DFB lasers, short optical path and two-channel detection

¢ Wider range of molecules, including bigger organic molecules

¢ Compact cavity ringdown sensors when thermoelectrically cooled
CW QC lasers become available
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