Robust Mid-Infrared Spectrometer Based on Difference Frequency Generation

for Trace Gas Sensing Applications
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This work describes a racent development of a robust, compact
and Ilgm welght trace gas sensor basad  on difference frquency
(OFG

itable for r ranging
from urban, industrial, rural on studies to p ft habitat
monitoring . This devolopmant of the sensor has taken advan-
tage of recent of di diods

and solid state lasers, new nonlinear optical materials, optical
fiber and data acquisition techniques. Difference mixing in a
periodically doped lithium niobats (PPLN) of an external cavity
diode teser (25 mW, 814-870 nm) and DBR laser (50 mW, 1083
nm) amplified to 550 mW by an Yb dopad fiber amplifier gener-
ates ~ 3 mW { @ 3.4mm) of tunable mid-infrared radiation,
which enables sensitive (parts per billlon) and selective detec-
tion of trace gases In a 18 m long multipass gas cell. Real-time
concentration measurements of CO2, N20, H2CO, HCI, NO2,
and CH4 ara reported
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Enabling DFG Technologles
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Schematic of the Optical Gas Sensor
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Picture of DFG Based Gas Sensor

LabView Processing of N2O Spectra
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Spectroscopic Performance

Selectivity
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CHy spacita ot 3.3 microns

* DFQ nswidth of prassni sysiem
~40 MHz

Sensithity
% Amblant N3O (£9318 ppb)
* Rampling pressure; 88 Torr
* Opiical pathlength: 18 m
= Averaging tima: 28
* Semaiy: 201074
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Calibration of Ambient CHy

= Caliteatien using Ciiy sbserptionline |

o1 3020 781 et

* Scan svery 8.7 a0

= Aversgs Concantratien » 1828.8 ppb

= Stendard Devistion = 134 ppb.
* Cairation Gaa Valus ® 1773 ppb
= Off-sati 3.1 %
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@ Longterm Sampling

= Ambient CHy Leboratory and
Oulside Bampling

" OFG-Power Signsl vs Tima

= Amblent co, Labarotory Samping

over 42 Hoves
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Detection Characteristics of Trace Gases

Sampling Conditions

* Scansange. 0.3 e

o Sawpling pressure; 28 Torr
u Avoragngfina: 28

Future Directions

= Incressed mid-IR prede pewer using high power Sber smpifiers (1Y 10 2W)
Tedats' 8.4 MWOFO @ 3.8 sm

= imprevad packaging (Fer caupling. Hybrid oriver sleciranics)

* implement sutomstic scanning using & Hepper moter for the.
ECOL and PPLN erystal with fan-eui detigned greting mask
(contiwous QPM)

" Introduction of qasi-phase matched GaAs to accoss the linger
‘weveisngin region (4 - 18 micronz)

Lower diode lsser pump power Tequiremants with lapeted

TPAMwsvequide DFG devices
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