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Viewing configuration providing immunity to polarization effects.   

(used in combination with 
space view for instrument 
calibration) 

(used for blackbody 
reflectivity and Spectral 
Response Module) 

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

Heated Halo 

(Measures instrument line 
shape) 

On-orbit Test/Validation (OT/V) Modules 
Wisconsin & Harvard Technology Developments Under NASA IIP 
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DARI Testbed 
OSRM - ILS 

OCEM –  
emissivity 



Dykema: CLARREO SDT January 2014, NASA 
GSFC 

Blackbody 
Aperture stop 

Side View 

Top View 

Aperture relay 

stop 

Baffle 

Mounting 

structure 

Corner cube  

4-port 

interferometer 

MCT Optical Train for Testbed 
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Field of View defined by vignetting 

Aperture Diameter: 2.0000
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Geometry for ZnSe.ZMX

Configuration 1 of 1

Footprint Diagram

1/4/2014
Surface 6: Aperture stop
Ray X Min =   -3.3467 Ray X Max =    3.3467
Ray Y Min =   -1.1981 Ray Y Max =   16.5303
Max Radius=   16.5303 Wavelength=   10.6000

% rays through = 100.00% Aperture Diameter: 2.0000
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Geometry for ZnSe.ZMX

Configuration 1 of 1

Footprint Diagram

1/4/2014
Surface 6: Aperture stop
Ray X Min =   -0.9728 Ray X Max =    0.9728
Ray Y Min =   -0.9147 Ray Y Max =    0.9147
Max Radius=    0.9908 Wavelength=   10.6000

% rays through = 48.52% Aperture Diameter: 2.0000
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Geometry for ZnSe.ZMX

Configuration 1 of 1

Footprint Diagram

1/4/2014
Surface 6: Aperture stop
Ray X Min =   -0.9728 Ray X Max =    0.9728
Ray Y Min =   -0.9147 Ray Y Max =    0.9147
Max Radius=    0.9908 Wavelength=   10.6000

% rays through = 45.56%

Aperture Diameter: 38.0000
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Geometry for ZnSe.ZMX

Configuration 1 of 1

Footprint Diagram

1/4/2014
Surface 1: Blackbody aperture position
Ray X Min =   -6.6409 Ray X Max =    6.6409
Ray Y Min =   -6.6409 Ray Y Max =   21.3131
Max Radius=   21.3131 Wavelength=   10.6000

% rays through = 100.00% Aperture Diameter: 38.0000
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Geometry for ZnSe.ZMX

Configuration 1 of 1

Footprint Diagram

1/4/2014
Surface 1: Blackbody aperture position
Ray X Min =   -5.3127 Ray X Max =    5.3127
Ray Y Min =   -5.3127 Ray Y Max =   21.3131
Max Radius=   21.3131 Wavelength=   10.6000

% rays through = 48.52% Aperture Diameter: 38.0000
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Geometry for ZnSe.ZMX

Configuration 1 of 1

Footprint Diagram

1/4/2014
Surface 1: Blackbody aperture position
Ray X Min =   -5.3127 Ray X Max =    5.3127
Ray Y Min =   -5.3127 Ray Y Max =   10.8990
Max Radius=   11.2180 Wavelength=   10.6000

% rays through = 45.56%

All rays Vignetting due to 

aperture stop 

Vignetting due to 

aperture relay stop 
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Aperture relay stop, corner cube 

Aperture Diameter: 20.0000
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Geometry for ZnSe.ZMX

Configuration 1 of 1

Footprint Diagram

1/4/2014
Surface 5: Aperture Relay stop
Ray X Min =   -5.1831 Ray X Max =    5.1831
Ray Y Min =  -13.3693 Ray Y Max =    5.1831
Max Radius=   13.4928 Wavelength=   10.6000

% rays through = 48.52%
Aperture Diameter: 20.0000
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Geometry for ZnSe.ZMX

Configuration 1 of 1

Footprint Diagram

1/4/2014
Surface 5: Aperture Relay stop
Ray X Min =   -6.4623 Ray X Max =    6.4623
Ray Y Min =  -21.3717 Ray Y Max =    6.4623
Max Radius=   21.3717 Wavelength=   10.6000

% rays through = 100.00%
Aperture Diameter: 20.0000
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Geometry for ZnSe.ZMX

Configuration 1 of 1

Footprint Diagram

1/4/2014
Surface 5: Aperture Relay stop
Ray X Min =   -5.1831 Ray X Max =    5.1831
Ray Y Min =   -8.6460 Ray Y Max =    5.1831
Max Radius=    8.8526 Wavelength=   10.6000

% rays through = 45.56%

Aperture Diameter: 13.2824
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Geometry for ZnSe.ZMX

Configuration 1 of 1

Footprint Diagram

1/4/2014
Surface 2: Corner cube position
Ray X Min =   -5.3127 Ray X Max =    5.3127
Ray Y Min =   -5.3127 Ray Y Max =    5.9767
Max Radius=    6.5405 Wavelength=   10.6000

% rays through = 45.56%Aperture Diameter: 13.2824
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Geometry for ZnSe.ZMX

Configuration 1 of 1

Footprint Diagram

1/4/2014
Surface 2: Corner cube position
Ray X Min =   -5.3127 Ray X Max =    5.3127
Ray Y Min =   -5.3127 Ray Y Max =    6.6406
Max Radius=    6.6406 Wavelength=   10.6000

% rays through = 48.52%

All rays Vignetting due to 

aperture stop 

Vignetting due to 

aperture relay stop 
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Definition of optical FOV by system 

Equivalent FOV (half-angle of 
W) for top-hat responsivity 

viewing Lambertian source is 
≈28 mrad 


W

W dRAPmeas
)cos(

Extended field responsivity 
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Calibration of Zemax radiometry 

Lambertian 
source R fills 2p sr 

Baffles to define 
FOV (W) 

Aperture mask 

Detector (white 
object) 

Light rays in blue 
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Lost energy for uniform source 
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Measurement Geometry 

d=6±2 mm 38 mm 

=14±2⁰ 

Cross-beam 
Along-beam  
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Measured radiance and uncertainties 
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Calibrated unapodized reflectance 
spectra 
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Spectra, background removed 
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Inferred blackbody surface reflectance 
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Black paint options 

Measurements: Leonard Hanssen and Sergey Mekhontsev, NIST 
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OCEM-QCL measurements vs. NIST 
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Scattering dependence 
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   1.6775

Detector Image: Incoherent Irradiance

Scattering surface using ABg
1/6/2014
Detector 4, NSCG Surface 1: BACKGROUND
Size 10.000 W X 10.000 H Millimeters, Pixels 120 W X 120 H, Total Hits = 749954
Peak Irradiance : 1.6775E+000 Watts/cm̂ 2
Total Power: 1.0063E-001 Watts
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   0.3910

   0.4344

Detector Image: Incoherent Irradiance

Scattering surface using ABg
1/6/2014
Detector 4, NSCG Surface 1: BACKGROUND
Size 10.000 W X 10.000 H Millimeters, Pixels 120 W X 120 H, Total Hits = 190581
Peak Irradiance : 4.3441E-001 Watts/cm̂ 2
Total Power: 1.7978E-001 Watts
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   5.6425

Detector Image: Incoherent Irradiance

Scattering surface using ABg
1/6/2014
Detector 4, NSCG Surface 1: BACKGROUND
Size 10.000 W X 10.000 H Millimeters, Pixels 120 W X 120 H, Total Hits = 928431
Peak Irradiance : 5.6425E+000 Watts/cm̂ 2
Total Power: 8.7580E-001 Watts
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Detector Image: Incoherent Irradiance

Scattering surface using ABg
1/6/2014
Detector 4, NSCG Surface 1: BACKGROUND
Size 10.000 W X 10.000 H Millimeters, Pixels 120 W X 120 H, Total Hits = 749917
Peak Irradiance : 2.6125E+000 Watts/cm̂ 2
Total Power: 7.0743E-001 Watts

Source Source 

More scattering 

Abg (near specular) Gaussians=0.42 Gaussians=0.25 Diffuse 
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Dependence of measured power on scattering  
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Using vignetting property to correct ILS 



Dykema: CLARREO SDT January 2014, NASA 
GSFC 

New directions: shrinking QCLs 

Harvard housing with 

tunable collimation 

Sealed housing with 

permanently aligned optic 

TO3 can with integrated 

optic: pulsed laser only! 

70 mm 

125 mm 

Ø=25 mm 
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Further developments for QCL applications 


