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Quantum Cascade Lasers

Sealed housing with
permanently aligned optic
Harvard housing with tunable

collimation
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QCL intrinsic linewidth
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Theory of the Linewidth of Semiconductor Lasers
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s
Observing the Intrinsic Linewidth of a Quantum-Cascade Laser:
Beyond the Schawlow-Townes Limit
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QCL linewidth

#sbcw3382 DN

Parameter Value Value (Frequency, as
(Wavelength) Wavenumber)
di (CW tuning rate, |0.6 nm K- 6.7x102 cm1 K1
dT  Temperature)
dA  (CW tuning rate, |30 nm A 3.3cmt Al
dl' Temperature)
1.2 . .
1.1} u . .
1 — [ | u
09+
<
~ 08¢t
0.7 +
0.6+
0.5

Dykema et al: CLARREO SDT, Hampton, VA,

-30C
-20C
-10C

10C
20C
30C
40C
50C

582 984 986

October 2014

988 990
Frequency [cm-1]

992

994

996



QCL requirements

Parameter

Value

Operating Temperature (T)

14°C < T < 15°C

Temperature Stability

0.25°C
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Supply Current (1)

04A<I<06A

Supply Voltage (V)
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Current Noise
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Determinants of ILS for FTS
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Fitting Methods

e Estimate parameters for ILS model in spectral
space

— ILS model: circular, uniformly illuminated, off-axis
detectors

— Can add tilt, shear, sampling errors
* Deconvolution method in position space
— After Bernardo & Griffith (2005)

— Derived for narrow absorption feature
— More straightforward with monochromatic source



Gaussian QCL profile
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Parameter Deviation [%]

Fitting performance: spectral space
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Radiance [a.u.]

Fitting performance: position space
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Radiometric error [K]
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Radiance [a.u.]

Altering ILS to test fit procedure

ILS as Function of FOV Stop Size
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Requirements derived from ILS fit

SNR requirement: Linewidth requirement:
Detector noise Current noise
*Permissible integration *Temperature noise
time — Sets QCL control
— Sets QCL power reguirements
requirement

Impacts:
Impacts: *Thermal design
*Thermal specifications
Electrical requirement Electrical design

0.05 cm-! requires thermal, electical noise not to exceed 0.25 K, 1.3 mA



On-orbit Test/Validation (OT/V) Modules

Calibration
Space View

A

On-Orbit Spectral
Response Module

(Measures instrument line
shape)

Space
View 2

Heated Halo

\

On-Orbit Absolute
Radiance Standard

(Includes Multiple Phase
Change Cells for absolute
temperature calibration and
Heated Halo for spectral
reflectance measurement )

Ambient (usedin combination with

space view for instrument

BIaCkbO dy calibration)

(used for blackbody
reflectivity and Spectral
Response Module)

Viewing configuration providing immunity to polarization effects.
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Emissivity measurement concept

 Laser reflected off-
axis from scene
select mirror into

blackbody
* Requires power |

normalization ““““ - | |
based on blackbody | | BackBody i |1\ =i i
temperature Ker"3V ... B |
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QCL power measurement

Blackbody temperature rise due
to QCL absorption
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Cross-beam

Along-beam
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Concluding/future work

Apply to measured spectra with different
optical settings

Combine spectral sampling and ILS analysis
into combined framework

Derive spectral characteristics for ILS misfit

Utilize spectral characteristics in fingerprinting
studies



