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pULSE Absorption vs. Dispersion Sensing

e Well understood Beer-Lamberts Law, but....

I — o intensity fluctuations=measurement error
I(v) o In direct LAS signal is measured with baseline
e Above 10% absorption the Beer-Lambert law
A“(V) becomes highly non-linear
Vv
Baseline correction
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o Useful signal encoded in phase of light

Dispersion - immune to intensity fluctuations.
measurement e No baseline

??27? _ e Dispersion changes linearly with concentration
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CLaDS - Chirped Laser Dispersion Spectroscopy

AL >
] MEDIUM n,
ém(t) | |
“SINGLE- :
FREQUENCY BEAM” Loft) + 0
CONFIGURATION —
: MEDIUM n;
x=0 x=L+Lc
E 2 E 2
=z Lo
fox—-+——+ (E<Eppcos((w, — ml-ﬂ}t}

D

Heterodyne
detection

Wysocki, Weidmann, Opt. Expr. 18, p.26123 (2010)

Technology patent pending

* Each color experiences different refractive index
* Different propagation time to the detector
* Heterodyne detection at Q
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CLaDS - Chirped Laser Dispersion Spectroscopy

PULSE
Add
Frequency Heterodyne
detection
A
AA

Beat note at fyouy= Q/2n Beat note at fyoutAf(t)
* Absorption encoded in amplitude (AM demodulation):

Alw) = 24,4, = 24y, Ay, exp [_ (“{E;]Lc L alw ;ﬂ]Lg)]

* Dispersion encoded in phase (FM demod.)

CLaDs signal

iy, SAL st (dn] _dn

Wysocki, Weidmann, Opt. Expr. 18, p.26123 (2010)

Wavenumbers
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pULSE CLaDS - important features

Frequency (kMz
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o Complete modeling capability o
(similar to direct LAS) - T ——
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e Large concentration dynamic range E

- Linear response between goe
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o Immunity to laser power variation

- enables applications in media
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No effect on the signal
Little effect on the SNR
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PULSE

Open-path trace gas sensing

o Experimental demonstration of remote, open-path detection of
nitrous oxide N-5O

e Quantum Cascade Laser Source at 4.52um
e Typical concentration of N,O in air is 320 ppb
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°* Immunity to optical power variations
* Absolute minimum detection limit MDL760tr < 0.08 ppbv @100 m & 1000s
* Path and bandwidth normalized sensitivity: 253 ppb-m/Hz/2

1/SNR

e 151 ppm of N,O in N,
10 cm gas cell
e pressure = 300 Torr
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pULSE Dispersion-based sensor deployment (Baltimore, MD)
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PULSE
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e New dispersion-based detection scheme enables
unique capabilities

o CLaDS technique and its application to remote gas
sensing has been developed

 CH, sensing at atmospheric levels is feasible

e CLaDS provides:
e Sensitive photodetection (through the optical heterodyning)

e Molecular information is encoded in the frequency not
amplitude

e Large dynamic range with linear response

e Immunity to amplitude noise and power variations

e Fast measurement (us time scale)

e Complete modeling capability (similarly to LAS)

e Excellent match with QCL technology

e Suitability for remote, open-path trace-gas detection
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PULS CO, Wireless Sensor Node @ A=2um

Radio ranges
Visualization

‘ =T
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Multipass
N Mirror Cell -
-

D. (- T Base station

° Fully autonoﬁous, fully digital

* ~0.3W total consumption
(continuous) w/ wireless
transmission

* >16 Hour run time on NiMH AA
batteries (continuous)

* CO, sensor node:
= Sensitivity ~120ppb in 1sec.
= Full sensor in NEMA enclosure
= 10.5Ah Li-Polymer battery
= 3.5 meter multipass cell

ool .
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pULSE Signal and noise in CLaDS vs. carrier power
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* Varying optical power has small effect on SNR
* Signal level is not affected > lower carrier level requires longer
averaging to achieve the same SNR
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SNR in FM demodulation

PULSE

SNR = 3-CNR - B

CNR - carrier to noise ratio
[=Af/B — modulation index

ST

distortion limited
region

QUTPUT SNR[dB]

SNAR:. |

L ~ -
CNRA input CNR (dB}

°* CNR is proportional to LO power

°* FM-SNR can be significantly higher than the SNR of
the spectrometer (e.qg. optical fringes)
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pULSE Conventional Heterodyne Dispersion Sensing

polarizer optical fiber
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FIG. 2. A schematic of the double pass, two-wavelength interferometer used 5
to obtain data from the hydrogen plasma created by the inverse pinch An _ nNJ 1 3. 1 O_
n

source.
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