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Other Laser Trace-Gas 

Spectroscopy Technologies 

OA-ICOS, CRDS, WMS 



Off-Axis Integrated Cavity Output 

Spectroscopy (OA-ICOS) 

 - Los Gatos 

Cavity Ring Down Spectroscopy (CRDS) 

 - Picarro 

Both manufactures developed a variety of trace-gas 

analyzers, for multi species w/ CO2, H2O, CH4, …, 

NH3, or Isotopes 

 

       



An example CRDS or ICOS setup  

 - Multi kilometer optical path length 
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Build up - Beam injected into optical 

cavity 

 

Ring down - Laser is pulsed off and 

signal decays (shaded in blue) 

 

The ring down time is contingent on 

the concentration of the target 

species in the optical cavity and the 

mirror reflectivity. 
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Build up 
Ring down 

Absorption feature 

Time 

1 Sweep? 1 Sweep? 
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Build up 
Ring down 

Absorption feature 

Sweep laser 

across 

several 

absorption 

features 

Make a direct 

absorption 

measurement, 
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mirror 

reflectivity 
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from the ring 

down time 

ICOS 



LGR 便携式温室气体分析仪 



UGGA 



WMS – Wavelength Modulation 

Spectroscopy, Li-7700 

Modulate scan at n 

If we demodulate at 2n we can get a signal that is 

proportional to the 2nd derivative 

– Demodulation is done optically 
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LI-7700 Setup 



Open Path 

Herriott Cell 

– Consists of 2 spherical mirrors 

– Light is introduced off-axis 

– 0.5 m x 60 passes = 30 m total path length 

CH4 analyzer only 

 

 

LI-7700 



TGA history and introduction 



Introduction 

– What is a TGA? 

• CSI has been manufacturing TGA’s since 1993 

• TGA is a tunable diode laser absorption spectrometer 

(TDLAS), and new lasers are TE cooled 

• They are rugged, portable, and designed for use in the lab or 

out in the field 

• Uses a small sample cell volume for good frequency 

response no mater the application 

 

 

 





TGA100 and TGA100A 



TGA200 and TGA200A 

Note: TGA200A is TE-cooled and be without Dewar. 

 

 



Concentration Calculation 

Fundamental assumption: Temperature and pressure 

are the same for the sample and reference gases. 

The ref. and sample detector signals are: 

– Digitalized, 

– Corrected for detector offset and nonlinearity, 

– and Converted to absorbance. 

A linear regression of sample absorbance vs. reference 

absorbance gives the ratio of sample absorbance to 

ref. absorbance. 

 

 



Concentration Calculation 

For TGA200 and TGA200A, LA is zero, and LS and LR 

are both long (146.6 cm), so 

 

 



Isotope Calculation 



Installation 

Note: These parts are not included in TGA200A. 

 

 



TGA TEC software 



TGA TEC software – Laser Find 



TGA200A’s Specification 



Physical Specifications 



Measurement Specifications 



Power Requirements 



TGA200A’s Benefits and 

Features 



TDLAS technology provides high sensitivity, 

speed, and selectivity 

Small sample cell volume that provides superior 

frequency response 

Thermoelectrically cooled laser; no cryogenic cooling 

required. 

Upgrades available to existing TGA customers (contact 

Campbell Scientific for more information) 

Choice of laser sources to measure N2O, CH4 or CO2 

isotopes 

500 Hz measurement rate that supports excellent 

synchronization with our CSAT3 sonic anemometer, 

making TGA200A ideal for eddy covariance flux 

applications 

 

 



Continued: 

Rugged environmental enclosure that allows the 

TGA200A to placed outside on the ground 

Simple Windows user interface for setup, configuration 

and real-time monitoring 

Complete greenhouse gas measurement flux solution 

provided by combining one or more TGA200As with 

Campbell Scientific’s sonic anemometers, dataloggers, 

gas analyzers, or eddy covariance system 

Advanced sampling systems also available for low flow 

applications such as profile gradient or user-supplied 

chamber measurements 

 

 



TEC Lasers 

– 5 laser options depending on application 

• 3 lasers can measure more than just 1 gas species 

• All lasers are TE-cooled, so no LN2 required for cooling 

• No maintenance required 

 

 





Testing of TGA200A’s frequency response - 

Method 
TEC LasersInject fast pulses of N2O into sample flow 

(ambient air) every 10 seconds 

Sample the TGA200A response at 50 Hz with CR3000 

datalogger 

Impulse response 

– Remove trend (10 s moving average) 

– Overlay multiple pulses 

– Calculate lag time 

Frequency response 

– Fourier transform the impulse response 

– Normalize to 1 at low frequency 

– Calculate the characteristic time 

Inject pulses at the inlet of the TGA200A, with and 

without digital filtering, and at the inlet to the EC 

system 

 

 



TGA200A with Digital Filter Disabled 

The first-order model corresponding to the characteristic time constant is 

overplotted in black.  



TGA200A with Digital Filter Enabled 

The first-order model corresponding to the characteristic time constant is 

overplotted in black.  



TGA200A with Complete EC System 

EC system flux loss is very low, even at low measurement height and 

strong winds: 88% of flux measured at 2m height, 10 m/s wind speed. 



Case Study 



Profiling/Gradient Plumbing Scheme 





Overview 

– Does not ship with 

• Sample Vacuum Pump 

 

 

 



Pumps (See TGA Manual PG. 15-18) 

– Example Pump Shelters 



Configurations & Applications 

– Argentina (N2O, Eddy Covariance) 

 



Example Configurations & Applications 

– CO2 Isotopes (CO2, δ13C, δ18O), Leaf Chamber 

 

 

 





Example Configurations & Applications 

– CO2 Isotopes (CO2, δ13C, δ18O), Leaf Chamber 

 



Example Configurations & Applications 

– CO2 Isotopes (CO2, δ13C, δ18O), Leaf Chamber 

 



Example Configurations & Applications 

– CO2 Isotopes (CO2, δ13C, δ18O), Leaf Chamber 

 



Example Configurations & Applications 

– CH4, CO2, & H2O Eddy Covariance 



Example Configurations & Applications 

– CH4, CO2, & H2O Eddy Covariance 

 



Example Configurations & Applications 

– N2O Fluxes For Multi-Site Gradient 



Example Configurations & Applications 

– N2O Fluxes For Multi-Site Gradient 

 



Example Configurations & Applications 

– N2O Fluxes For Multi-Site Gradient 



Example Configurations & Applications 

– N2O Fluxes For Multi-Site Gradient 

 



Location：Seoul, Korea  

Application: Eddy covariance fluxes and vertical profiles of methane, carbon 

dioxide, and water vapor 

Products :TGA100  CR23X  CSAT3  KH20 CR9000   

 

https://www.campbellsci.com/tga100
https://www.campbellsci.com/cr23x
https://www.campbellsci.com/csat3
https://www.campbellsci.com/kh20
https://www.campbellsci.com/cr9000
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