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Reflective Solar Band (RSB)

Mission and Goal
Support solar diffuser calibration in RSB 

for remote sensing instrumentation
with NIST traceability

Existing Diffuser Calibration Facility: DCaf
DCL, GSFC

Development of new generation 
scatterometers
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1. Wavelengths: 

a. 400, 550, 700, 850, 1000, 1200, 1600, 2250 (or filter wavelengths) 

2. Measurements: 

a. 6 degree/directional hemispherical reflectance at above wavelengths 

b. BRDF 

i. Incident angles: 

1. Θi: -51.9 deg, -56.75 deg, and -55.6 deg. 

2. Φi: -7.40 deg, 0 deg, +7.40 deg. 

ii. Reflectance angles:  

1. VIIRS θs: 37.9 deg 

2. SDSM θs: -18.3 deg 

3. Samples: 

a. 4 Space-grade Spectralon samples: one sample maintained in lab as a control 

and three other samples measured by our lab and others.

Current missions
JPSS VIIRS PACE
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Optical Interface

Light sources

TTG

Electronics

Table Top Goniometer
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Table Top Goniometer
Sphere-input 

Si/EIGA detectors

Miniature 
spectrometer

Si detector

Ext InGAs 
detector

Sample manipulator

Detector arm

z

y

x
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Current light sources 
for table-top goniometer

1. Supercontinuum laser: NKT EXR20, EXW12 
and Fianium WL-SC400-4 

2. EQ99FC/EQ1500
3. LC8 Hamamatsu spot light
4. Power Technology, IQ diode lasers >20 mW
(413 nm, 850 nm, 1240 nm, 1550 nm, 2300 nm)
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NKT EXW-12

Optical interface for multiple light sources

NK
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Si mon
EIGA mon

EQ-99FC

AOTF
UV/nIR1

400-650 nm
690-1100 nm

AOTF
4x/VIS/IR

450-700 nm
1100-2000 nm

Diode laser @ 2300 nm

LLTF VIS
400-1000 nm

LLTF SWIR
1000-2300 nm

Fianium SC400-4

Broadband
polarizerChopper

413 nm, 850 nm, 1240 nm, 1550 nm
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The SuperK SELECT is a 
tunable wavelength filter 
based on Acousto-optic 
Tunable Filters (AOTF)

The Laser Line Tunable 
Filter (LLTF) Contrast is a 
non-dispersive tunable 
b a n d p a s s fi l t e r t h a t 
transmits a single laser 
l i n e w h i l e b l o c k i n g 
unwanted lines. 

SWIR 
filter



Light source testing results

200 nm  to 1100 nm 892 nm  to 2530 nm

Modular spectrometers
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Supercontinuum laser + AOTF

500 nm

700 nm

NIST
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Supplement 
needed

Supercontinuum laser + AOTF



IQ laser

SC laser + Filter

Supercontinuum laser + LLTF



Comparison of supercontinuum laser and lamp sources
in UV-VIS-NIR
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Stability of UV-VIS lamp sources



UV-VIS light sources
1. EQ99/1500       2. LC8
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Configuration 1:
Wavelengths: 250, 275, 300, 350, 400, 500, 700, 900, and 1100 nm;
Angles of incidence, θi: 0°, ±30°, ±45°, and ±60° 
In-plane angles of scatter, θs: -60° to 60° in 10° steps, except where geometry is incompatible 
such as θi = θs.
Configuration 2:
Wavelengths: 1200, 1300, 1400, 1500, 1600, 1700, 1800, 1900, 2000, 2100, 2200, 2300, 2400 and 
2500nm;
Angles of incidence, θi: 0°;
In-plane angles of scatter, θs: 45°.

NIST BRDF Calibration

EQ-99FC

AOTF
VIS-nIR

AOTF
nIR

AOTF
IR

DL
LLTF SWIR

Light sources of TTG for VIIRS
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Quasi CW tunable laser

Supercontinuum white light laser Xe lamp (DS)

NIST Diffuse STD
NIST CALI Diffuser

QCW laser

460 - 550 nm gap
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Light sources of TTG for PACE



Preliminary BRDF results with TTG
(Spectralon and Quartz Volume Diffuser, QVD)

1. NIST traceable data validation 
2. Scale transfer to different samples and wavelengths 
3. BRDF cross-polarization average 
4. Speckle suppression 
5. Validation of BRDF results by comparing with DHR 
6. Out-of-plane BRDF measurement 
7. Uncertainty budget 
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J1/F2 VIIRS SDA Witness Sample

NIST Calibration STND20471-1-1
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Al

Quartz

Quartz Volume Diffuser (QVD) Sample

Top view

Back view

One of SD candidates20



Relative BRDF of Spectralon and QVD

2121



NIST Calibrated Spectralon

Diff:1.3 %
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Scale transfer from 700 nm to 678 nm



Absolute BRDF of QVD
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QVD Directional/Hemispherical Reflectance
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BRDF Speckle Suppression
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NKT 5 ps ML SC laser 
with 80 MHz rep rate

AOTF 475 nm



QVD Directional/Hemispherical Reflectance
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Diff 0.009
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Preliminary BRDF results for J1 VIIRS SD Witness

EQ-99FC + Filter



Preliminary BRDF results for J1 VIIRS SD Witness

IQ6C12 Diode laser 2250 nm



Component of uncertainty of absolute BRDF

1. Source stability                         < 0.5 % 
2. Wavelength                              < 0.1 %  
3. Stray light                                  < 0.1%  
4. Incident signal                          < 0.25 % 
5. Scattered signal                       < 0.25 % 
6. Aperture area                           < 0.2 %  
7. Distance                                   < 0.2 %  
8. Viewing angle/Incident angle   < 0.4 % 
9. Z position                                  < 0.1 % 
10.Detector linearity                       < 0.1 % 
11.Repeatability                             < 0.5 % 

Total                                     0.95 % (k=1)
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Summary

1. Test of light sources for TTG
2. Preliminary BRDF measurements using TTG 

✷NIST traceable validation for Spectralon and 
QVD (Absolute BRDF and DHR)                  
✷Speckle suppression                   
✷Uncertainty budget of BRDF 
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Future work
1. Support SD BRDF calibration for PACE
2. BRDF measurements for J1 VIIRS SD Witness 

sample    
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315 nm
325 nm
335 nm
345 nm
355 nm

Up to 31 bands

Ti:Sapphire
Fundamental

~ 1 W

Ti:Sapphire
SHG > 50 mW

Ti:Sapphire
THG > 30 mW

HeCd laser

NKT EXR12/20
SuperK Select

DL 415 nm

DL 870 nm

DL 2300 nm

DL 1240 nm

Nd:YAG SHG

EQ99/1500
LC8+L8253

OPO-NIR-SHG
 > 50 mW

Dye DCM

Dye R6G

Light source of TTG for PACE
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Sample manipulator

Detector arm

Si detector

Ext InGAs detector
x

x

z

Development of new generation scatterometers

Table Top Goniometer
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Mitsubishi RV-13FC 
with black paint 
of flat RAL 9011

Development of new generation scatterometers

Robot arm based scatterometer
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NKT EXW-12

NKT EXR-20

Fianium SC400-4

Diode laser modules
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EQ-99FC

Laser-driven lamp source

Filter wheel
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NKT SC laser and Super Select AOTF
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The Power Lock options 
enables you to lock the power 
output of the SuperK SELECT 
via a build in photo detector. 



LBO OPO Signal SHG Ti: Sapphire laser

Supercontinuum lasers (NKT EXR-12/20, Fianium WL-SC-400-4)
EQ99/EQ1500250 nm

Dye lasers

EKSPLA pulsed laser

HeCd laser
325 nm

HeNe laser
633 nm

Nd:YAG
532 nm

Diode lasers
413 nm,                                          850 nm,                  1240 nm,  1550 nm,             2300 nm

Xe lamp QTH Lamp

SuperK 
Select

FTIR

LBO based OPO
OPO-NIR-SHG: 380-560 nm 
OPO-NIR-Idler: 1000-1120 nm, 
1200-1900 nm 
OPO-SWIR-Idler: 1000-1250 nm 
OPO-SWIR-SHG: 500-600 nm
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500 nm

700 nm

Wavelength selection

NIST
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NIST Calibrated Spectralon
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NIST BRDF data interpolation for Absolute BRDF
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