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1. Description of Calibration Items

The device under test (DUT) is an extended-indium gallium arsenide (ex-IGA) radiance meter
manufactured by L-1 Standards and Technology, Inc. (L-1), model 8350, S/N 002 and referred to
as GLAMR-exIGA-8350-002 in this report. The device is housed in a 2-inch diameter tube with
fore-optics consisting of two apertures to form a Gershun-tube radiometer. The detector is
temperature controlled (L-1 model 3100-1L, S/N 12132) and the rear of the device has inputs for
the L-1 temperature controller and a BNC output for the detector signal. The temperature controller
was operated with the setpoint at -20.0 °C and maintained the temperature at -20.0 °C. The detector
came with a transimpedance amplifier (L-1 model 3300v2, S/N 008) which was used for the
calibration. Figure 1.1 shows the detector and accessory equipment as received.

Figure 1.1 Photographs of the GLAMR ex-IGA detector as received, along with the Si and IGA detectors. The
shipping cases (left), transimpedance amplifiers and temperature controllers (middle) and radiance detectors (right).

1.1 Calibration Request

The request was to calibrate the DUT for absolute radiance responsivity from 1600 nm to 2500 nm
with a standard uncertainty of 1.0 % (k=1) or better from 1600 nm to 2300 nm and 10 % or better
from 2300 nm to 2500 nm according to NASA-NIST Interagency Agreement Number
NNG210B14A Order 0005.
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2. Description of Test

The detector was characterized for absolute spectral radiance responsivity on the NIST facility for
Spectral Irradiance and Radiance responsivity Calibrations using Uniform Sources (SIRCUS).1?
The calibration took place in various stages from Jan 04 to Feb 02, 2024, and May 28 to Jun 06,
2024. During each calibration test, the detector was temperature controlled with setpoint at
-20.0 °C by the L-1 controller. The calibration was completed using reference detectors EXIGA-
8350-001, DET-8-101, and T-06. These detectors are traceable to the NIST Primary Optical Watt
Radiometer (POWR).2 T-06 was calibrated directly from POWR in 2020 (in agreement with earlier
measurements in 2016).* The reference detectors DET-8-101 and ExIGA-8350-001 are traceable
via transfer detectors.>® At wavelengths less than 950 nm they are calibrated from T-06. At
wavelengths greater than 950 nm they were calibrated from a pyroelectric detector that is itself
calibrated by T-06 and measurements of its reflectance.’~

Description of laser systems used: Several laser systems were used to cover the specified ranges
for the various parts of the calibration.

1. A picosecond mode-locked (80 MHz repetition rate) Lithium Triborate (LBO) Optical
Parametric Oscillator (OPO) laser, referred to as LBO-OPO, laser was used in several ways.
a. From 1155 nm to 1985 nm using the idler output from the main cavity.
b. From 1055 nm to 1155 nm and 730 nm to 950 nm using the signal output from the main
cavity.
2. IPG Cr?":ZnS/Se laser (IPG Photonics, M/N: CLT-2150-500-5, S/N: 1709185) from 1985 nm
to 2505 nm.

Each laser was coupled to an optical fiber connected to the side port of the integrating sphere,
where the coupled laser illuminates an area toward the front of the sphere. Other optical laser
components generally include a speckle-reduction device, a laser power controller, and a
wavemeter.

For the LBO-OPO, the optical fiber was Low-OH silica fiber, but no speckle reduction device was
employed because the laser bandwidth is broad enough to inherently reduce speckle. A Brockton
Electro-Optics Corporation (BEOC) laser power controller stabilized laser intensity fluctuations
to less than the 0.1 % level using feedback from a photodiode in the sphere, removing short term
as well as long term fluctuations in the power output from the various laser sources. A Bristol 621
wavemeter (S/N: 6208) was used to directly measure the wavelength of the signal beam oscillated
by the main cavity. The signal beam wavelength measured by the wavemeter was converted to the
idler wavelength, Aigier, using the relation given by equation 2.1,

1
Aidler:( 1 1 > (2.1)
A

pump Asignal
where Apump 1S 532.2 nm and Asignar IS the vacuum wavelength measured by the Bristol wavemeter.

The vacuum wavelengths were converted to the air value for data analysis by dividing by a factor
of 1.00027.

For the IPG laser, the optical fiber was 200 um core diameter ZrF4 fiber. No speckle reduction
device or laser power controller was used in conjunction with these lasers because no such device
was available that operates in the associated wavelength range. A Burleigh wavemeter (S/N:
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0024213) measured the air wavelength for these lasers.

Integrating Sphere: The integrating sphere used for radiance responsivity was a Labsphere
30.48 cm (12”) diameter Spectralon-coated sphere equipped with a 5.08 cm (2”) diameter exit
aperture fabricated by Labsphere (non-point source geometry).

Data Acquisition and Control Program: The data was acquired using the LabVIEW program
“SIRCUS Main Program v10.vi.” Background subtracted DC signals were sequentially collected
for each detector (DUT and reference standard) along with simultaneously recorded monitor
signals (also background subtracted). The collections were repeated 11 times. Each repeat sample
was ratioed to the monitor signal and the average and percent standard deviation were determined.

Description of calibration detectors: Three working standard reference detectors, T-06, DET-
8-101, and ExIGA-8350-001, were used to measure the source sphere radiance, depending on the
spectral range of measurement.

T-06 (Reyer Corporation, S/N: 6) was used from 730 nm to 950 nm. It is a 5-element, tunnel-trap
detector equipped with an aperture having an area of 9.985 mm?. The T-06 irradiance responsivity
was calibrated by combining a calibration of the power responsivity with a calibration of the
aperture area. The power responsivity was calibrated by the NIST POWR facility® in 2016*
(measurements repeated in 2020 were within uncertainty) and the aperture was calibrated by the
NIST aperture area measurement facility! in Mar. 2023.12 The source irradiance was converted to
radiance using a geometrical factor determined from the detector and source sphere apertures.
Standard reference detector T-06 was connected to the Gentec transimpedance preamplifier (S/N:
501931) with previously calibrated gain settings.*® The nominal gain setting was 10° V//A for all
measurements.

NIST SIRCUS DET-8-101 is an IGA Gershun tube radiometer manufactured by L-1 Standards
and Technology and was used from 1055 nm to 1600 nm. It was previously calibrated for radiance
responsivity on SIRCUS in 2023.> An L-1 temperature controller (model 3100, S/N: 12126)
maintained the temperature at its setpoint -19.0 C. This detector used transimpedance amplifier
SIRCUS Femto 12, with previously calibrated gain set to the nominal value of 10® V/A for all
measurements.

ExIGA-8350-001 is an EXIGA Gershun tube radiometer manufactured by L-1 Standards and
Technology and was used from 1055 nm to 2505 nm. It was previously calibrated for radiance
responsivity on SIRCUS in 2023. An L-1 temperature controller (model 3100, S/N: 12131)
maintained the temperature at its setpoint -19.0 C. This detector used a transimpedance amplifier
(L-1 3300v2-016), with previously calibrated gain set to the nominal value of 10® V//A for all
measurements. ™

The monitor photodiode was either silicon, InGaAs, or Mercury Cadmium Telluride (MCT)
depending on the spectral range. In each case, the monitor photodiode was mounted directly to the
source sphere and its output was connected to a Stanford Research Systems current preamplifier
(Model SR570, S/N: 57687).

3-axis stage: The integrating sphere is mounted on an XYZ translation stage, with the Z-position
(along the optical axis) measured with a linear encoder. The X- and Y-axes enable the source to
be properly positioned in front of an instrument before it measures the sphere radiance. The Z-
position is used to accurately determine the separation between relevant apertures.
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Measurement Setup: Detectors used in these experiments were mounted on tip-tilt stages and
aligned to the optical axis of the integrating sphere source using a double-headed laser. To align
the detectors to the sphere, the double-headed laser was first mounted in-front of the sphere where
one end of the laser was previously aligned to the center of the sphere aperture. The other end of
the laser was retroreflected from a glass microscope slide on each detector to align to the optical
axis. Lastly, the laser was centered on each detector using the 3-axis stage to determine the X,Y
position.

See Figure 2.1 for photographs of the measurement setup in the SIRCUS enclosure showing the
detector bench setup in relation to the integrating sphere during the initial calibration in January,
2024. Figure 2.2 shows the setup of the temperature controllers and transimpedance amplifiers.
This report also details the GLAMR-EXIGA-8350-002 calibration from T-06 between May and
July 2024 in conjunction with the GLAMR Si radiometer. Photographs of that setup are not
included here but can be found in the report for the GLAMR Si radiometer. Also note, the GLAMR
amplifiers were grounded through their BNC connector.

Figure 2.1 Photographs of the detector setup inside the SIRCUS enclosure: detector bench back-view (left), side-
view (right).

GLAMR temperature \
controllers_ ‘

Figure 2.2 Photographs showing the temperature controller and transimpedance amplifier setup for the GLAMR
radiometers and the temperature controllers for the SIRCUS reference detectors.
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2.1 Radiance Responsivity Calibration of GLAMR exIGA-8350-002

Absolute radiance responsivity measurements of GLAMR-ExIGA-8350-002 (with associated
transimpedance amplifier) were completed in the SIRCUS facility at discrete wavelengths between
730 nm to 950 nm, 1055 nm to 1630 nm, and 1055 nm to 2505 nm using the NIST reference
detectors T-06, DET-8-101, and ExIGA-8350-001, respectively. The integrating sphere source
(I1SS) was the 30.5 cm (12”) diameter sphere described above with a 5.08 cm (2”) aperture. The
sphere was placed at a Z-position of 67.3 mm. This Z-position was approximately 23.4 cm away
from the front aperture of the DUT, which placed the field of view completely within the sphere
output aperture. An X-Y response map and Z-scan for the DUT was also measured, verifying the
central position and underfilled configuration of the DUT relative to the sphere aperture. The
sphere was placed at the same Z-position for measurements of the sphere radiance with the
reference detectors. This placed the sphere aperture well within the acceptance angle of T-06 for
power measurement as suggested in Section 3.1, below. The working distance for T-06 was
determined from the sphere Z-position and the radiometrically determined detector position, as
described in Section 3.2 below. An X-Y map and Z-scan was also measured for the reference
radiometers, DET-8-101, and ExIGA-8350-001 confirming their central position and underfilled
configuration relative to the sphere aperture. Z-scans for the DUT and reference radiance meters
are shown in Figure 2.3. The working distances for the reference radiometers were 28 cm and
23.2 cm, respectively, with the sphere placed at 67.3 mm.

The pre-amplifier gain was 1 x 10® V/A for GLAMR-ExIGA-8350-002 with multiplier set to 1 for
all measurements.
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Figure 2.3: Z-scan measurements for the DUT (top) and reference detectors (DET-8-101, middle, and ExIGA-8350-
001, bottom) showing the underfilled sphere aperture configuration at the working distance, 67.3 mm.
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3. Results of Test

For this test, a radiance calibration was performed, where the reference detectors established the
radiance emitted from the source sphere. Reference detectors DET-8-101 and ExXIGA-8350-001
have calibrated radiance responsivity and establish the source sphere radiance directly. Even
though T-06 is an irradiance meter, it was also used to determine the source radiance, requiring
knowledge of the solid angle of the source. To determine the solid angle, the distance between the
reference detector aperture and the integrating sphere source aperture was measured, along with
the integrating sphere and trap detector aperture areas: See Section 3.1. The position of the
reference detector was determined radiometrically, as described in Section 3.2, and therefore, the
distance of the reference detector to the sphere source was determined by measuring the Z-position
of the sphere with the linear encoder on the Z-axis stage.

3.1 Determination of the sphere source radiance from irradiance meter reference detectors

The radiance of the sphere source was determined with the flux transfer method. The reference
detector T-06 measured the radiant power from the sphere source passing through two precision
apertures, one on the source side, another on the detector side.

The radiance L [W m™ sr!] of the sphere was determined from radiant power P [W] and the
geometric extent G by

P

The geometric extent G [m? sr] is given by

G= ?[(dz + 12 +15) —{(d® + 12 + 1) — 4r?ri}?, (3.2)

where rs is the radius of the aperture in front of the source, rp is the radius of the aperture in front
of the detector, and d is the distance between the two apertures. The diameter of the sphere aperture
was large enough (50.8 mm) to overfill the radiance measurement angle of the DUT radiometer
by the sphere output radiation. The distance, d, was chosen large enough (393.45 mm) so that the
sphere aperture was well within the acceptance angle of the working reference detector (T-06) for
power measurement but also not so close to overfill the trap element detectors.

3.2 Detector offset and offset uncertainty determination for irradiance meters

When the working reference detector is an irradiance meter, both radiance and irradiance
measurements of the sphere source require knowledge of a distance between the source and a
detector aperture. For the radiance measurements performed in this calibration, the distance of the
working reference detector, T-06, was determined radiometrically.

In general, at several different Z positions, the detector and monitor voltages were recorded to
yield a relative irradiance. Using the 1/Z% law for on-axis irradiance (inverse square law) the
resultant data can be fit by a point-source geometry (Eq. 3.3) and a non-point-source geometry (the
experimental configuration, Eq. 3.4) to yield the Z-position of the detector aperture plane. From
the Z-position encoder reading used in the radiance or irradiance measurements and the detector
Z-position from the radiometric 1/Z2 law fit, the actual detector aperture to sphere aperture distance
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in millimeters (working distance) was determined. Figure 3.1 is a schematic of the configuration.
The inverse square law fitting equation for a point-source geometry is

y=— (33)
(Mg-my)

where y is the relative irradiance, my is a fitting constant, Mo is Z-position of the integrating sphere
that is read by the Z-encoder, and m; is the Z-position of zero offset between the two apertures.
The fitting uncertainty in my, for the sphere position during calibration, gives the uncertainty in
the distance s between the two apertures.

< m2 >

Trap [« > e Mo g
reference Aperture X-Y
plane plane IS stage
l_|_ Optical axis
Trap
Z-axis
1

Z-encoder Z=0

Figure 3.1. Schematic of the configuration for determining trap-sphere distance radiometrically.

If the source aperture is large, the non-point source geometry expression is fit to the data:
(M —mp)? +mi+m3)

where y, m1, Mo, and m are the same as in Eq. 3. ms = rq, the radius of the detector aperture, and
M4 = s, the radius of the integrating sphere aperture. Equation 3.4 is valid in the limit where

y (3.4)

(r2 + 17 +552) > 2r1y (3.5)

and s is the distance between the source and detector apertures. The inverse square law
measurements along with the fit of Eq. 3.4 to the data are shown in Figs. 3.2, below. At a
separation, s, equal to the working distance, the ratio given by Eq. 3.5 was determined for each
detector. This result is summarized in Table 3.1 and shows the condition of Eq. 3.5 holds and that
Eqg. 3.4 is valid in each case. The residuals are approximately 3 orders of magnitude smaller than
the base measurement and show there is no obvious bias or offset. The fitting results are also
summarized in Table 3.2.
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Table 3.1 Results of Eq. 3.5 at minimum separation distances.

Detector rs(cm) [ rqa(cm) | s(cm) Ragcg)(Eq
T-06 2.54 0.178 39.345 1719

Table 3.2 Results of the inverse square law fits of equation 3.4 to the data.

Fitting
Detector mz (mm) Uncertainty (mm) R, fit
(k=1)
T-06 -324.97 0.0700 1
T-06 InvSqr
2024May28F0
3.5 T T T T T |
y = m1/((M2-MO)* 2+25 2+1.8...
3 Value Error
m1 3.5065e+5 125.79
m2 -324.97| 0.070049
25 Chisq|  2.1993e-6 NA
= R 1 NA
2 2 ]
)
s
4
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Figure 3.2 Offset and uncertainty fit of the non-point source geometry Eq. 3.4 to the irradiance response data (upper)
and residuals from the fit (lower) for T-06 to determine distance for the radiance responsivity measurements.
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3.3 Radiance responsivity of GLAMR-ExIGA-8350-002

Absolute radiance responsivity of GLAMR-ExIGA-8350-002 (with associated transimpedance
amplifier) were completed in the SIRCUS facility at discrete wavelengths between 730 nm to
950 nm, 1055 nm to 1630 nm, and 1055 nm to 2505 nm using the NIST reference detectors T-06,
DET-8-101, and ExIGA-8350-001, respectively. This result is shown in Figure 3.4 and the
tabulated data along with combined total uncertainty (k=1) is provided in Table 3.3.
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From T-06
From DET-8-101
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Figure 3.4 Absolute Spectral Radiance Responsivity of GLAMR-ExIGA-8350-002. Error bars are included but are

smaller than the individual points.

Table 3.3: Tabulated absolute spectral radiance responsivity for GLAMR-ExIGA-8350-002

Reference Wavelength Radlan.c? Total
Detector [nm] Responsivity k=1 Unc
[V em? sr/W)] (%)

T-06 730.59 1.12254E+02 0.07
T-06 734.93 1.12629E+02 0.07
T-06 740.02 1.13081E+02 0.08
T-06 745.51 1.13669E+02 0.07
T-06 750.38 1.14151E+02 0.07
T-06 755.68 1.14759E+02 0.08
T-06 760.33 1.15284E+02 0.07
T-06 764.68 1.15912E+02 0.09
T-06 770.18 1.16588E+02 0.07
T-06 774.64 1.17207E+02 0.07
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3.58980E+02
3.64445E+02
3.68068E+02
3.72673E+02
3.76492E+02
3.82206E+02

Calibration Date: Jan 04 — Feb 02, 2024, and May 28 — Jun 06, 2024.

NIST Test No.: 685.04/SRS2024-001

0.35
0.35
0.35
0.35
0.35
0.35
0.35
0.35
0.35
0.35
0.35
0.35
0.35
0.35
0.35
0.35
0.35
0.35
0.88
0.88
0.40
0.40
0.35
0.35
0.35
0.34
0.34
0.34
0.34
0.34
0.34
0.34
0.34
0.34
0.34
0.34
0.34
0.34
0.34
0.34
0.34
0.34
0.34
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DET-8-101
DET-8-101
DET-8-101
DET-8-101
DET-8-101
DET-8-101
DET-8-101
DET-8-101
DET-8-101
DET-8-101
DET-8-101
DET-8-101
DET-8-101
DET-8-101
DET-8-101
DET-8-101
DET-8-101
DET-8-101
DET-8-101
DET-8-101
DET-8-101
DET-8-101
DET-8-101
DET-8-101
DET-8-101
DET-8-101
DET-8-101
DET-8-101
DET-8-101
DET-8-101
DET-8-101
DET-8-101
DET-8-101
DET-8-101
DET-8-101
DET-8-101
DET-8-101
DET-8-101
DET-8-101
DET-8-101
DET-8-101
DET-8-101
DET-8-101

1290.31
1295.52
1300.79
1305.03
1310.37
1314.66
1320.10
1324.48
1328.86
1335.49
1339.96
1344.46
1348.99
1355.85
1359.29
1365.10
1369.77
1374.45
1379.17
1383.93
1388.72
1393.57
1400.90
1405.82
1410.78
1414.54
1419.55
1424.59
1429.67
1434.80
1438.66
1443.85
1449.08
1454.33
1459.63
1464.97
1470.33
1475.74
1478.48
1485.33
1489.47
1495.03
1499.22

3.87212E+02
3.91981E+02
3.97281E+02
4.01128E+02
4.06222E+02
4.09941E+02
4.14732E+02
4.18792E+02
4.23266E+02
4.28871E+02
4.32627E+02
4.36619E+02
4.40656E+02
4.46787E+02
4.49838E+02
4.54749E+02
4.58535E+02
4.61920E+02
4.65653E+02
4.69438E+02
4.73163E+02
4.76998E+02
4.83038E+02
4.87311E+02
4.91473E+02
4.95056E+02
4.99366E+02
5.03612E+02
5.07890E+02
5.12541E+02
5.16332E+02
5.20955E+02
5.25276E+02
5.29812E+02
5.34380E+02
5.38743E+02
5.43329E+02
5.47973E+02
5.50294E+02
5.55982E+02
5.59461E+02
5.64038E+02
5.67942E+02

Calibration Date: Jan 04 — Feb 02, 2024, and May 28 — Jun 06, 2024.

NIST Test No.: 685.04/SRS2024-001
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0.34
0.34
0.34
0.34
0.34
0.34
0.34
0.34
0.34
0.34
0.34
0.34
0.34
0.34
0.34
0.34
0.34
0.34
0.34
0.34
0.34
0.34
0.34
0.34
0.34
0.34
0.34
0.34
0.34
0.34
0.34
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DET-8-101 1504.86 5.72583E+02 0.34
DET-8-101 1510.54 5.77474E+02 0.34
DET-8-101 1513.40 5.79473E+02 0.34
DET-8-101 1519.14 5.83782E+02 0.34
DET-8-101 152491 5.87937E+02 0.34
DET-8-101 1529.27 5.91596E+02 0.34
DET-8-101 1535.15 5.96992E+02 0.34
DET-8-101 1538.06 5.99815E+02 0.34
DET-8-101 1544.03 6.04429E+02 0.34
DET-8-101 1549.98 6.08845E+02 0.34
DET-8-101 1554.49 6.12119E+02 0.34
DET-8-101 1560.56 6.16708E+02 0.34
DET-8-101 1563.57 6.19369E+02 0.34
DET-8-101 1569.71 6.24204E+02 0.34
DET-8-101 1575.88 6.29032E+02 0.34
DET-8-101 1578.99 6.31343E+02 0.34
DET-8-101 1585.22 6.36231E+02 0.34
DET-8-101 1588.38 6.38994E+02 0.34
DET-8-101 1594.70 6.43640E+02 0.34
DET-8-101 1601.05 6.47811E+02 0.34
ExIGA-8350-001 1605.86 6.51719E+02 0.34
ExIGA-8350-001 1610.65 6.55724E+02 0.34
ExIGA-8350-001 1613.90 6.57973E+02 0.34
ExIGA-8350-001 1620.44 6.62961E+02 0.34
ExIGA-8350-001 1627.02 6.68326E+02 0.34
ExIGA-8350-001 1630.34 6.71205E+02 0.34
ExIGA-8350-001 1635.35 6.74597E+02 0.34
ExIGA-8350-001 1638.66 6.76754E+02 0.34
ExIGA-8350-001 1643.68 6.80443E+02 0.34
ExIGA-8350-001 1648.77 6.84485E+02 0.34
ExIGA-8350-001 1653.89 6.87825E+02 0.34
ExIGA-8350-001 1660.73 6.92253E+02 0.34
ExIGA-8350-001 1665.90 6.96823E+02 0.34
ExIGA-8350-001 1671.09 7.01478E+02 0.34
ExIGA-8350-001 1674.61 7.04476E+02 0.34
ExIGA-8350-001 1679.87 7.08631E+02 0.34
ExIGA-8350-001 1683.40 7.10628E+02 0.34
ExIGA-8350-001 1688.69 7.14241E+02 0.34
ExIGA-8350-001 1695.85 7.20093E+02 0.34
ExIGA-8350-001 1699.45 7.23361E+02 0.34
ExIGA-8350-001 1703.00 7.26165E+02 0.34
ExIGA-8350-001 1710.26 7.31487E+02 0.34
ExIGA-8350-001 1713.95 7.34824E+02 0.34
Calibration Date: Jan 04 — Feb 02, 2024, and May 28 — Jun 06, 2024. Page 14 of 21
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ExIGA-8350-001 1721.27 7.40502E+02 0.34
ExIGA-8350-001 1724.97 7.41913E+02 0.34
ExIGA-8350-001 1730.55 7.44977E+02 0.34
ExIGA-8350-001 1734.28 7.49363E+02 0.34
ExIGA-8350-001 1738.01 7.54604E+02 0.34
ExIGA-8350-001 1745.57 7.60475E+02 0.34
ExIGA-8350-001 1749.39 7.62653E+02 0.34
ExIGA-8350-001 1753.22 7.65175E+02 0.34
ExIGA-8350-001 1760.94 7.72700E+02 0.34
ExIGA-8350-001 1764.81 7.76846E+02 0.34
ExIGA-8350-001 1768.70 7.79534E+02 0.34
ExIGA-8350-001 1770.66 7.80947E+02 0.34
ExIGA-8350-001 1776.55 7.84282E+02 0.34
ExIGA-8350-001 1780.48 7.86723E+02 0.34
ExIGA-8350-001 1782.45 7.88268E+02 0.34
ExIGA-8350-001 1784.41 7.89695E+02 0.34
ExIGA-8350-001 1790.38 7.95253E+02 0.34
ExIGA-8350-001 1794.38 7.98807E+02 0.34
ExIGA-8350-001 1798.42 8.02334E+02 0.34
ExIGA-8350-001 1804.45 8.07243E+02 0.34
ExIGA-8350-001 1808.57 8.10296E+02 0.34
ExIGA-8350-001 1814.66 8.15154E+02 0.34
ExIGA-8350-001 1818.81 8.17552E+02 0.34
ExIGA-8350-001 1824.99 8.22478E+02 0.34
ExIGA-8350-001 1829.16 8.25671E+02 0.34
ExIGA-8350-001 1833.31 8.27791E+02 0.34
ExIGA-8350-001 1837.52 8.29901E+02 0.34
ExIGA-8350-001 1843.86 8.36198E+02 0.35
ExIGA-8350-001 1852.35 8.46700E+02 0.35
ExIGA-8350-001 1854.50 8.47773E+02 0.35
ExIGA-8350-001 1860.95 8.49937E+02 0.35
ExIGA-8350-001 1865.26 8.52682E+02 0.35
ExIGA-8350-001 1869.61 8.56950E+02 0.35
ExIGA-8350-001 1873.98 8.61374E+02 0.35
ExIGA-8350-001 1878.36 8.65483E+02 0.35
ExIGA-8350-001 1884.96 8.71313E+02 0.35
ExIGA-8350-001 1891.63 8.71981E+02 0.37
ExIGA-8350-001 1896.12 8.76149E+02 0.37
ExIGA-8350-001 1898.36 8.80345E+02 0.37
ExIGA-8350-001 1902.88 8.83351E+02 0.42
ExIGA-8350-001 1907.37 8.82623E+02 0.39
ExIGA-8350-001 1909.63 8.83496E+02 0.36
ExIGA-8350-001 1916.51 8.89653E+02 0.36
Calibration Date: Jan 04 — Feb 02, 2024, and May 28 — Jun 06, 2024. Page 15 of 21
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ExIGA-8350-001 1921.06 8.94953E+02 0.36
ExIGA-8350-001 1925.69 8.98396E+02 0.36
ExIGA-8350-001 1932.62 9.01099E+02 0.36
ExIGA-8350-001 1937.28 9.03535E+02 0.36
ExIGA-8350-001 1942.00 9.08678E+02 0.36
ExIGA-8350-001 1946.69 9.11898E+02 0.36
ExIGA-8350-001 1951.40 9.12625E+02 0.36
ExIGA-8350-001 1956.20 9.14515E+02 0.36
ExIGA-8350-001 1963.33 9.18730E+02 0.36
ExIGA-8350-001 1973.02 9.26597E+02 0.36
ExIGA-8350-001 1980.26 9.26624E+02 0.36
ExIGA-8350-001 1987.57 9.22597E+02 0.45
ExIGA-8350-001 1994.84 9.36439E+02 0.38
ExIGA-8350-001 2001.77 9.27393E+02 0.43
ExIGA-8350-001 2009.50 9.27197E+02 0.40
ExIGA-8350-001 2016.56 9.35078E+02 0.41
ExIGA-8350-001 2022.87 9.34158E+02 0.39
ExIGA-8350-001 2026.82 9.32257E+02 0.46
ExIGA-8350-001 2029.97 9.34485E+02 0.42
ExIGA-8350-001 2036.82 9.38550E+02 0.41
ExIGA-8350-001 2044.04 9.36100E+02 0.43
ExIGA-8350-001 2050.94 9.44031E+02 0.38
ExIGA-8350-001 2058.64 9.48541E+02 0.39
ExIGA-8350-001 2065.65 9.38999E+02 0.40
ExIGA-8350-001 2072.30 9.47456E+02 0.42
ExIGA-8350-001 2079.27 9.47189E+02 0.39
ExIGA-8350-001 2086.15 9.43366E+02 0.41
ExIGA-8350-001 2092.90 9.43738E+02 0.41
ExIGA-8350-001 2099.77 9.46876E+02 0.40
ExIGA-8350-001 2106.55 9.52700E+02 0.43
ExIGA-8350-001 2113.45 9.47447E+02 0.39
ExIGA-8350-001 2120.33 9.44697E+02 0.38
ExIGA-8350-001 2127.00 9.45523E+02 0.49
ExIGA-8350-001 2134.02 9.44317E+02 0.41
ExIGA-8350-001 2140.56 9.43763E+02 0.40
ExIGA-8350-001 2147.39 9.44557E+02 0.39
ExIGA-8350-001 2154.15 9.44485E+02 0.39
ExIGA-8350-001 2160.71 9.47991E+02 0.41
ExIGA-8350-001 2167.36 9.45375E+02 0.40
ExIGA-8350-001 2174.22 9.49505E+02 0.39
ExIGA-8350-001 2180.74 9.44936E+02 0.40
ExIGA-8350-001 2187.30 9.46302E+02 0.41
ExIGA-8350-001 2193.84 9.47425E+02 0.40
Calibration Date: Jan 04 — Feb 02, 2024, and May 28 — Jun 06, 2024. Page 16 of 21
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ExIGA-8350-001 2200.69 9.40131E+02 0.41
ExIGA-8350-001 2207.11 9.43492E+02 0.40
ExIGA-8350-001 2213.83 9.35094E+02 0.36
ExIGA-8350-001 2220.53 9.44403E+02 0.38
ExIGA-8350-001 2226.84 9.42361E+02 0.37
ExIGA-8350-001 2233.66 9.51416E+02 0.37
ExIGA-8350-001 2240.05 9.37432E+02 0.39
ExIGA-8350-001 2246.50 9.45488E+02 0.37
ExIGA-8350-001 2252.97 9.50635E+02 0.41
ExIGA-8350-001 2259.46 9.43705E+02 0.37
ExIGA-8350-001 2266.00 9.44257E+02 0.39
ExIGA-8350-001 2272.38 9.41715E+02 0.38
ExIGA-8350-001 2278.74 9.46120E+02 0.44
ExIGA-8350-001 2285.39 9.33211E+02 0.40
ExIGA-8350-001 2291.61 9.40624E+02 0.39
ExIGA-8350-001 2298.01 9.37968E+02 0.37
ExIGA-8350-001 2304.29 9.36121E+02 0.39
ExIGA-8350-001 2310.95 9.46653E+02 0.38
ExIGA-8350-001 2317.18 9.39936E+02 0.40
ExIGA-8350-001 2323.25 9.40379E+02 0.40
ExIGA-8350-001 2329.59 9.39121E+02 0.38
ExIGA-8350-001 2336.07 9.33379E+02 0.39
ExIGA-8350-001 2342.49 9.24728E+02 0.39
ExIGA-8350-001 2348.58 9.25524E+02 0.46
ExIGA-8350-001 2354.81 9.32583E+02 0.38
ExIGA-8350-001 2361.19 9.40785E+02 0.40
ExIGA-8350-001 2367.31 9.21114E+02 0.40
ExIGA-8350-001 2373.47 9.23098E+02 0.39
ExIGA-8350-001 2379.64 9.31407E+02 0.43
ExIGA-8350-001 2385.85 9.14421E+02 0.44
ExIGA-8350-001 2392.12 9.13411E+02 0.40
ExIGA-8350-001 2398.12 9.10007E+02 0.39
ExIGA-8350-001 2404.19 9.10332E+02 0.44
ExIGA-8350-001 2410.54 9.06157E+02 0.38
ExIGA-8350-001 2416.35 9.06718E+02 0.38
ExIGA-8350-001 2422.78 8.99411E+02 0.38
ExIGA-8350-001 2429.23 8.99178E+02 0.46
ExIGA-8350-001 2435.17 8.96686E+02 0.44
ExIGA-8350-001 2441.11 8.93162E+02 0.37
ExIGA-8350-001 2447.09 8.86714E+02 0.49
ExIGA-8350-001 2453.12 8.85490E+02 0.43
ExIGA-8350-001 2459.18 8.78154E+02 0.40
ExIGA-8350-001 2465.26 8.69120E+02 0.41
Calibration Date: Jan 04 — Feb 02, 2024, and May 28 — Jun 06, 2024. Page 17 of 21
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ExIGA-8350-001
ExIGA-8350-001
ExIGA-8350-001
ExIGA-8350-001
ExIGA-8350-001
ExIGA-8350-001
ExIGA-8350-001

2471.30
2476.36
2482.54
2488.17
2494.39
2500.09
2505.81

8.68861E+02
8.62315E+02
8.57436E+02
8.49102E+02
8.39956E+02
8.21840E+02
8.03469E+02

0.43
0.46
0.39
0.38
0.41
0.39
0.43

Section 3.4 Uncertainty Analysis for Radiance Responsivity of GLAMR-ExIGA-8350-002

The uncertainty analysis for GLAMR-ExIGA-8350-002 is shown in Table 3.4.

Table 3.4 Uncertainty Budget for Absolute Spectral Radiance Responsivity of GLAMR-ExIGA-8350-002.

Relative k=1 Relative k=1 Relative k=1
Standard Standard Standard
Uncertainty Uncertainty Uncertainty
[%0] [%0] [%0]
From From From
Uncertainty T-06 DET-8-101 ExIGA-8350-001
Component (730 nm to (2055 nm to (1600 nm to
950 nm) 1600 nm) 2500 nm)
Combined
Measurement Percent 0.012 0.010 0.109
Standard Deviation®
Referer]ce d_etector 0.037 0.33 0.33
Calibration
Referepce Degector 0.018 NA. NA.
Distance
Referenc_e_DeStector NA. 0.1 0.09
Position
Amplifier gain* 0.01 0.01 0.01
Geometry Alignment 0.05 0.05 0.05
Aperture Areas 0.034 N.A. N.A.
Wavelength 0.02 0.02 0.04
Combined Standard
Uncertainty (k=1)° 0.075 0.35 0.37

Note 1: This is the combined measurement percent standard deviation for the DUT and reference detector averaged
across the entire range. Values for individual wavelengths are provided in the calibration file.

Note 2: From inverse square law of irradiance reference detector.

Note 3: Refers to the reference detector being used at a different position than it was originally calibrated (slight
difference in solid angle leads to small change in radiance signal, i.e. the slight slope in the “flat” region shown in
Figure 2.3).

Note 4: Refers to the amplifier gain uncertainty used with the NIST reference detector. The DUT used the provided
amplifier with the nominal gain setting 1x10® which was not used in the analysis, so the uncertainty budget covers the
total device (radiance meter and amplifier) with units of [V cm?sr/W].

Calibration Date: Jan 04 — Feb 02, 2024, and May 28 — Jun 06, 2024.
NIST Test No.: 685.04/SRS2024-001
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Note 5: This is not the full calibration uncertainty budget. The uncertainty budget, Table 3.4, does not include
environmental effects on both the reference detector and the GLAMR radiometer. No evaluations of instrument
performance characteristics such as temperature dependence, response linearity or temporal stability were performed.
For customers who plan to interpolate the calibrated responsivity, estimates in the interpolated uncertainty can be

determined according to reference 16.16
4. General Information

Information was recorded in the SIRCUS Vis #22 laboratory notebook, pp.45-53 and 73-83.

The calibration measurements, data analysis, and report writing were performed by Brian G.
Alberding and John T. Woodward.

This calibration required 17 days of laboratory work (including setup, troubleshooting, and data
collection) on SIRCUS and 7 days of data reduction, analysis, and reporting.

Significant experimental notes:

1. For the optical table holding the IPG Cr?*:ZnS/Se laser a minor laser feedback issue exists.
In normal operation, the wavelength measured by the wavemeter was observed to be
unstable with fluctuations on the order of ~ 0.3 nm to 0.5 nm, contributing to higher
wavelength uncertainty in this range.

2. No speckle control device or laser power controller was available to cover the wavelength
range defined by the IPG Cr?*:ZnS/Se lasers perhaps contributing to higher measurement
standard deviation in this range.

3. Reference detector DET-8-101 was re-calibrated from T-06 at wavelengths less than
950 nm simultaneously with the measurements of the DUT. This improved the agreement
between the DUT radiance responsivity derived from the separate reference detectors T-
06 and DET-8-101 (compared to using the DET-8-101 responsivity measured in 2023 as
referenced).

Information about data files:

1. Full data files for the radiance responsivity of GLAMR exIGA are located on Elwood
under:

\\cfs2e.nist.gov\685\interna\GO4\SIRCUS\SIRCUS\Calibrations\SIRCUS
Calibrations\FY 2024 Calibrations\GLAMR Radiometers\ex-InGaAs Analysis

The files located in these directories are meant for internal NIST use only. Please do not distribute
without authorization.

Certain commercial equipment or materials are identified in this report to adequately specify the
experimental procedures. In no case does the identification imply recommendation or endorsement
by NIST, nor does it imply that the materials or equipment identified are necessarily the best
available for the purpose.

Calibration Date: Jan 04 — Feb 02, 2024, and May 28 — Jun 06, 2024. Page 19 of 21
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