
Mid-Infrared TDLAS N2O ppm-level

Concentration Analysis System 4.56um

 Product Description
TDLAS (Tunable Diode Laser Absorption Spectroscopy) is a new gas

detection method developed based on the combination of a diode laser and

a long optical path absorption cell, utilizing the wavelength modulation of

the laser through the characteristic absorption region of the measured gas.

The semiconductor laser source used in TDLAS technology has a spectral

width much smaller than the gas absorption line broadening, resulting in

single-line absorption spectra, making TDLAS a high-resolution absorption



spectroscopy technique. Nitrous oxide (N2O), also known as laughing gas, is

an inorganic compound with the chemical formula N2O. It is a hazardous

chemical, a colorless gas with a sweet odor, and acts as an oxidizing agent

that can support combustion under certain conditions. However, it is stable

at room temperature and has mild anesthetic effects, causing laughter in

some cases. When nitrous oxide enters the bloodstream, it can lead to

oxygen deprivation, and prolonged inhalation can result in high blood

pressure, fainting, and even heart attacks. Long-term exposure to such

gases can also cause anemia and damage to the central nervous system.

Experimental Instruments: 4.56um High-Power Desktop DFB-QCL Quantum

Cascade Laser 2-15um CdHg (MCT) Mid-Infrared Photodetector with

Amplification and TEC Mid-Infrared 5-meter Optical Path Short-Wave

Broadband Gas Cell

 Product features
High resolution; real-time imaging; wideband response; modular design;

multimodal imaging

 Part Number
MP-TDLAS-4560-N2O-MIR

 Application area



High-resolution imaging | Non-destructive testing | Tomography and 3D

reconstruction | Real-time monitoring | Scientific research experiments

 Core parameters

Center Wavelength Output power

4.56um 150mW

 General Parameters
1.PrincipleDescription

TDLAS(TunableDiodeLaserAbsorptionSpectroscopy)isanewgasdetectionmethod

developedbymodulatingthewavelengthofalasertopassthroughthecharacteristic

absorptionregionsofthetargetgas,basedonthecombinationofadiodelaseranda

long-pathabsorptioncell.

ThesemiconductorlasersourceusedinTDLAShasaspectralwidthmuchsmallerthanthe

broadeningofthegasabsorptionlines,resultinginsingle-lineabsorptionspectra.Therefore,

TDLASisahigh-resolutionabsorptionspectroscopytechnique.

NitrousOxide:

Alsoknownaslaughinggas,nitrousoxide(N2O)isaninorganiccompound,adangerous

chemicalwithachemicalformulaofN2O.Itisacolorless,sweet-smellinggasandanoxidizing

agentthatcansupportcombustionundercertainconditionsbutremainsstableatroom

temperature.Ithasmildanestheticeffectsandcaninducelaughter.



Whennitrousoxideentersthebloodstream,itcanleadtooxygendeficiencyinthebody.

Long-terminhalationmaycausehighbloodpressure,fainting,orevenheartattacks.

Additionally,prolongedexposuretosuchgasescanleadtoanemiaandcentralnervous

systemdamage.

2.TheoreticalFoundation

Beer-LambertLaw

WhenalaserbeampassesthroughatargetgaswithconcentrationCCC,ifthelaser

wavelengthmatchesthecenterfrequencyofanabsorptionlineofthegas,thegasmolecules

absorbphotonsandtransitiontoahigherenergylevel.Thisresultsintheattenuationofthe

laserlightintensityinthegasabsorptionwavelengthrange.

WavelengthModulationSpectroscopy

A)LaserTuningCharacteristics

DFB(DistributedFeedback)lasers,withtheirexcellentmonochromaticity,narrowlinewidth,

andfrequencytuningproperties,arecapableofminimizinginterferencefromother

backgroundgases.Thisimprovesthemeasurementprecisionofthedetectionsystem,

makingDFBlaserswidelyusedingasdetection.

B)HarmonicDetectionTheory

Byapplyingahigh-frequencysinewavesignaltothedrivingvoltageofthelaser,thecurrentis

modulated,causingtheoutputfrequencytovaryinasinewavepattern.Additionally,by

applyingasawtoothwavevoltagetothelaserdriver,theoutputwavelengthscansacrossthe



gasabsorptionpeaks.Usingalock-inamplifier,theharmonicsignalismodulatedand

demodulatedtomeasurethegasconcentration.

PrinciplesforSelectingAbsorptionLines

Whenperforminggasdetection,theselectionofabsorptionlinesiscrucial.Thefollowing

factorsshouldbeconsidered:(1)Theselectedabsorptionlineshouldhaveastrong

absorptionpeakforthetargetgas.

(2)Thelasersourcetechnologycorrespondingtotheselectedabsorptionwavelengthshould

berelativelymature.

(3)Thereshouldbenointerferencefrombackgroundgasesattheselectedabsorptionline,or

theinterferenceshouldbeweakenoughtobeignored.

3.ExperimentalInstruments

4.56umHigh-PowerDesktopDFB-QCLQuantumCascadeLaser

The4.56umhigh-powerdesktopDFB-QCLquantumcascadelaser,developed

byidealphotonics,isatunablecontinuous-wavelaserwithawavelengthtuningrangeofup

to30nmandacollimatedoutputpowerofupto180mW.Thislasermeetstherequirements

forgassensinganalysistestsandmid-infraredtestinglightsources.

ThedesktopDFB-QCLlasermoduleintegratesadigitallaserdriver,atunablegainamplifier,a

1f/2fdigitallock-inamplifier,ananalogoutputtemperaturecontrolunit,andallows

software-controlledtuningofthelaser'stemperatureandoperatingcurrent.Ourlaser



providesstablecollimatedoutputpowerandexcellentwavelengthstability,makingitan

excellenthigh-powertestlightsourceforthemid-infraredrange.



Spectrum

Wavelength Tuning Curve



2-15um HgCdTe (MCT) Mid-Infrared Photodetector with Amplification and TEC:

The MCT-15-4TE amplified detector is a thermoelectrically cooled

photoconductive HgCdTe (Mercury Cadmium Telluride, MCT) detector. This

material is sensitive to the mid-infrared spectrum ranging from 2.0 to 15 μm.

The semiconductor thermoelectric cooler (TEC) uses a thermistor feedback

circuit to control the temperature of the detector element at -30°C, minimizing

the thermal variation's effect on the output signal. For optimal performance, we

recommend connecting the output cable (not included) to a 50-ohm terminator.

Since the detector is AC coupled, it requires a pulse or chopped input signal. The

AC-coupled detector will not detect unchopped DC signals, as it is only sensitive

to intensity variations, not the absolute value of intensity.



3.Mid-Infrared5-MeterOpticalPathLengthNarrowbandBroadbandGasCell:

The narrowband broadband gas cell is primarily designed for applications in

infrared Fourier and other spectroscopic techniques. The gas cell structure uses

a narrowband configuration, with the detection light being a mid-to-far infrared

incoherent light source. For high-temperature and corrosion-resistant needs,

the gas cell has been developed using special metal materials that have

undergone anti-corrosion treatment for both the main body and optical

components. It is capable of working stably and reliably in humid and corrosive

gas conditions over long periods. It is used for precise measurement and

analysis of key gas components, including SO2, NOx, VOCs, NH3, O2, CO, CO2,

HCl, and H2O. This technology has broad application prospects in fields such as

atmospheric pollutant monitoring, coal combustion flue gas emission

monitoring, waste incineration emission monitoring, industrial park pollution

monitoring, and industrial online control.

IV. Experimental Test



This experiment uses the 4.56um high-power desktop DFB-QCL quantum

cascade laser combined with an MCTmid-infrared photodetector to test the

N2O gas (1000ppm) in the 5-meter optical path narrowband broadband gas cell.

Schematics

Operation Steps:
1.Install the 4.56umQCL laser, align the output to the 5-meter infrared

broadband gas chamber.

2.Place the MCT detector at the other end of the 5-meter infrared broadband gas

chamber.

3.Connect the BNC output of the MCT detector to the PREAMP input of the

4.56umQCL laser.

4.Use an SMA-BNC cable to connect the oscilloscope to the DACOUT analog

output of the 4.56um QCL laser.

5.Use an SMA-BNC cable to connect the oscilloscope to the TRIG OUT trigger

output of the 4.56um QCL laser.



6.Turn on the laser and detector.

7.Adjust the software parameters, and observe the second harmonic signal

waveform and amplitude on the oscilloscope.

Process Analysis:
Using the control software on the computer, adjust the current and

temperature to tune the wavelength, enabling the laser to scan within a specific

wavelength range and cover the absorption peaks of the gas. The lock-in

amplifier provides a high-frequency sine modulation signal, modulating the

output frequency of the laser. The light emitted by the laser passes through the

gas absorption chamber, enters the PREAMP input stage of the detector, and is

then demodulated by the lock-in amplifier. The signal is output from the DAC

OUT analog output to oscilloscope channel 2, displaying the second harmonic

signal. During the entire process, we adjust various parameters in the software

and simultaneously observe the output waveform to optimize it.

5, Experimental Results:

The second harmonic waveform andmodulation parameters are as follows:



Verification Analysis:

By querying the Hitran database, the absorption spectrum lines within the

wavenumber range from 2188.8 cm⁻ ¹ to 2189.8 cm⁻ ¹ are as follows:
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