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1. Description of Calibration Items

The device under test (DUT) is an indium gallium arsenide (IGA) radiance meter manufactured
by L-1 Standards and Technology, Inc. (L-1), model DET-8, S/N 109 and referred to as GLAMR-
IGA-109 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 12112) 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 -22.0 °C and maintained the temperature at -22.0 °C. The detector came with a transimpedance
amplifier (L-1 model 3300v2, S/N 020) which was used for the calibration. Figure 1.1 shows the
detector and accessory equipment as received.

Figure 1.1 Photographs of the GLAMR-IGA detector as received, along with the Si and ExIGA 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 885 nm to 1620 nm
with a standard uncertainty of 0.28 % (k=1) or better 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 -22.0 °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: A laser system was 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, was used in several ways.
a. From 1155 nm to 1800 nm using the idler output from the main cavity.
b. From 730 nm to 1155 nm using the signal output from the main cavity.

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, Zidier, using the relation given by equation 2.1,

1
Aidler=( 1 1 > (2_1)
A

pump Asignal

where Apump 1S 532.2 Nm and Asigna 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.

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
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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 915 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.%2 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° /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 920 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 1800 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.

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.
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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-IGA-109 calibration from T-06 between May and June 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.

2.1 Radiance Responsivity Calibration of GLAMR-1GA-109

Absolute radiance responsivity measurements of GLAMR-IGA-109 (with associated
transimpedance amplifier) were completed in the SIRCUS facility at discrete wavelengths between
730 nm to 1800 nm using the NIST reference detectors T-06, DET-8-101, and ExIGA-8350-001.
The integrating sphere source (ISS) was the 30.5 cm (12”) diameter sphere described above with
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a 5.08 cm (2”) aperture. The sphere was placed at a working Z-position (67.3 mm in Jan, 2024,
and 68.5 mm in May, 2024) approximately 28 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 DET-8-101 and ExIGA-8350-001 were 28 cm and 23.2 cm,
respectively, with the sphere placed at the working position.

The pre-amplifier gain was 1 x 10° V/A for GLAMR-IGA-109 with multiplier set to 1 for all
measurements.

Distance Dependence for DET-8-109 Response
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Figure 2.3: Z-scan measurements for the DUT (top) and reference radiance detectors (DET-8-101, middle,
and ExIGA-8350-001, bottom) during the separate calibration runs in Jan, 2024, (left) and May, 2024, (right). These
show the underfilled sphere aperture configuration at the working distance for each radiance detector.
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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:

L==. (3.1)

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

G = %2[(612 +12 +18) — {(d? + 12 +15)? — 4rZrE/?, (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/Z2 law for on-axis irradiance (inverse square law) the
resultant data can be fit by a point-source geometry (Eg. 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=—-t (3:3)
(Mo—m;)

where y is the relative irradiance, mq 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 |« s Sl Mo >
reference Aperture X-Y
plane plane IS stage
|—|_ 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:
B ((My — mp)? +mj +mj)

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

y (3.4)

(2 + 712 +5%) > 211y (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
Eq. 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 Eq. 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
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3 |- Value Error
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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-1GA-109

Absolute radiance responsivity of GLAMR-IGA-109 (with associated transimpedance amplifier)
was completed in the SIRCUS facility at discrete wavelengths between 730 nm to 1800 nm using
the NIST reference detectors T-06, DET-8-101, and ExIGA-8350-001. 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.

GLAMR IGA-DET-8-109 FY2024

1.8E+02 -
2 1.56+02 1
5 26402 ]
£ .
(& ] -
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= ]
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o . /
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Figure 3.4 Absolute Spectral Radiance Responsivity of GLAMR-IGA-109. Error bars are included but are smaller
than the individual points.

Table 3.3: Tabulated absolute spectral radiance responsivity for GLAMR-IGA-109.

Wavelength Radiance Total
Ref Det [nm] Responsivity k=1 Unc

[Vem?2sr/W] (%)

T-06 730.59 3.1385E+01 0.08
T-06 734.93 3.1754E+01 0.08
T-06 740.02 3.2193E+01 0.08
T-06 745.51 3.2666E+01 0.08
T-06 750.38 3.3117E+01 0.08
T-06 755.68 3.3632E+01 0.08
T-06 760.33 3.4104E+01 0.08
T-06 764.68 3.4548E+01 0.08
T-06 770.18 3.5129E+01 0.08
T-06 774.64 3.5617E+01 0.08
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T-06 780.28 3.6259E+01 0.08
T-06 785.63 3.6881E+01 0.08
T-06 790.27 3.7450E+01 0.08
T-06 795.37 3.8065E+01 0.08
T-06 800.13 3.8650E+01 0.08
T-06 804.95 3.9267E+01 0.08
T-06 809.82 3.9917E+01 0.08
T-06 815.18 4.0644E+01 0.08
T-06 820.18 4.1340E+01 0.08
T-06 824.82 4.2020E+01 0.08
T-06 830.38 4.2848E+01 0.08
T-06 834.70 4.3531E+01 0.08
T-06 839.95 4.4415E+01 0.08
T-06 844.38 4.5248E+01 0.08
T-06 850.65 4.6469E+01 0.08
T-06 855.65 4.7462E+01 0.08
T-06 860.25 4.8349E+01 0.08
T-06 864.90 4.9226E+01 0.08
T-06 870.06 5.0194E+01 0.08
T-06 875.28 5.1152E+01 0.08
T-06 880.58 5.2165E+01 0.08
T-06 884.47 5.2916E+01 0.08
T-06 890.36 5.4068E+01 0.08
T-06 895.34 5.5084E+01 0.08
T-06 899.36 5.5909E+01 0.08
T-06 905.46 5.7288E+01 0.08
T-06 910.61 5.8958E+01 0.08
T-06 914.77 6.0775E+01 0.08
DET-8-101 919.96 6.2437E+01 0.15
DET-8-101 925.29 6.4199E+01 0.15
DET-8-101 930.67 6.5795E+01 0.15
DET-8-101 935.01 6.6736E+01 0.15
DET-8-101 940.53 6.8325E+01 0.15
DET-8-101 945.53 6.9190E+01 0.36
DET-8-101 950.57 7.0247E+01 0.36
DET-8-101 955.12 7.1357E+01 0.36
DET-8-101 959.70 7.2414E+01 0.36
DET-8-101 964.90 7.3567E+01 0.36
DET-8-101 969.58 7.4610E+01 0.36
DET-8-101 975.49 7.6014E+01 0.36
DET-8-101 979.66 7.6970E+01 0.36
DET-8-101 984.50 7.8024E+01 0.36
DET-8-101 990.59 7.9329E+01 0.36
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DET-8-101 994.90 8.0230E+01 0.36
DET-8-101 999.88 8.1480E+01 0.36
DET-8-101 1005.53 8.2910E+01 0.34
DET-8-101 1010.60 8.3908E+01 0.34
DET-8-101 1014.45 8.4619E+01 0.34
DET-8-101 1020.27 8.5855E+01 0.34
DET-8-101 1025.51 8.7072E+01 0.34
DET-8-101 1029.49 8.7971E+01 0.34
DET-8-101 1032.13 8.8553E+01 0.34
DET-8-101 1034.81 8.9009E+01 0.34
DET-8-101 1040.19 9.0141E+01 0.34
DET-8-101 1045.62 9.1536E+01 0.34
DET-8-101 1048.37 9.2180E+01 0.35
DET-8-101 1049.49 9.2428E+01 0.35
DET-8-101 1051.13 9.2813E+01 0.35
DET-8-101 1054.59 9.3604E+01 0.35
DET-8-101 1055.13 9.3690E+01 0.35
DET-8-101 1058.08 9.4344E+01 0.35
DET-8-101 1060.62 9.4898E+01 0.35
DET-8-101 1062.31 9.5260E+01 0.35
DET-8-101 1074.46 9.7821E+01 0.35
DET-8-101 1079.52 9.9213E+01 0.36
DET-8-101 1085.40 1.0028E+02 0.36
DET-8-101 1091.33 1.0157E+02 0.35
DET-8-101 1094.32 1.0227E+02 0.35
DET-8-101 1099.63 1.0355E+02 0.35
DET-8-101 1103.54 1.0431E+02 0.35
DET-8-101 1110.39 1.0566E+02 0.35
DET-8-101 1114.21 1.0646E+02 0.34
DET-8-101 1120.41 1.0799E+02 0.34
DET-8-101 1124.34 1.0877E+02 0.35
DET-8-101 1130.74 1.1011E+02 0.35
DET-8-101 1136.45 1.1136E+02 0.35
DET-8-101 1138.89 1.1195E+02 0.34
DET-8-101 1145.35 1.1318E+02 0.35
DET-8-101 1150.25 1.1423E+02 0.34
DET-8-101 1154.39 1.1514E+02 0.36
DET-8-101 1158.60 1.1598E+02 0.34
DET-8-101 1163.65 1.1683E+02 0.42
DET-8-101 1168.75 1.1769E+02 0.42
DET-8-101 1173.89 1.1861E+02 0.42
DET-8-101 1180.82 1.1993E+02 0.42
DET-8-101 1186.07 1.2082E+02 0.35
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DET-8-101 1188.71 1.2132E+02 0.35
DET-8-101 1194.02 1.2241E+02 0.34
DET-8-101 1199.39 1.2354E+02 0.34
DET-8-101 1203.91 1.2435E+02 0.34
DET-8-101 1211.18 1.2554E+02 0.34
DET-8-101 1214.86 1.2625E+02 0.34
DET-8-101 1220.42 1.2724E+02 0.34
DET-8-101 1225.10 1.2782E+02 0.34
DET-8-101 1228.87 1.2849E+02 0.34
DET-8-101 1234.57 1.2939E+02 0.34
DET-8-101 1238.38 1.3004E+02 0.34
DET-8-101 1244.15 1.3101E+02 0.34
DET-8-101 1250.01 1.3194E+02 0.35
DET-8-101 1255.87 1.3279E+02 0.34
DET-8-101 1259.83 1.3337E+02 0.34
DET-8-101 1265.82 1.3430E+02 0.34
DET-8-101 1269.82 1.3505E+02 0.34
DET-8-101 1274.90 1.3571E+02 0.34
DET-8-101 1278.96 1.3640E+02 0.34
DET-8-101 1285.13 1.3732E+02 0.34
DET-8-101 1290.31 1.3801E+02 0.34
DET-8-101 1295.52 1.3875E+02 0.34
DET-8-101 1300.79 1.3952E+02 0.34
DET-8-101 1305.03 1.4013E+02 0.34
DET-8-101 1310.37 1.4094E+02 0.34
DET-8-101 1314.66 1.4134E+02 0.34
DET-8-101 1320.10 1.4211E+02 0.34
DET-8-101 1324.48 1.4277E+02 0.34
DET-8-101 1328.86 1.4355E+02 0.34
DET-8-101 1335.50 1.4438E+02 0.34
DET-8-101 1339.96 1.4487E+02 0.34
DET-8-101 1344 .46 1.4542E+02 0.34
DET-8-101 1348.99 1.4605E+02 0.34
DET-8-101 1355.85 1.4698E+02 0.34
DET-8-101 1359.29 1.4743E+02 0.34
DET-8-101 1365.10 1.4802E+02 0.34
DET-8-101 1369.77 1.4852E+02 0.34
DET-8-101 1374.45 1.4895E+02 0.34
DET-8-101 1379.17 1.4922E+02 0.34
DET-8-101 1383.94 1.4971E+02 0.34
DET-8-101 1388.72 1.5020E+02 0.34
DET-8-101 1393.58 1.5071E+02 0.34
DET-8-101 1400.90 1.5150E+02 0.34
Calibration Date: Jan 04 —Jan 18, 2024, and May 28 — Jun 06, 2024. Page 12 of 17
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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
ExIGA-8350-001
ExIGA-8350-001
ExIGA-8350-001
ExIGA-8350-001

1405.82
1410.77
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
1499.23
1504.86
1510.54
1513.40
1519.15
1524.91
1529.27
1535.15
1538.06
1544.03
1549.98
1554.49
1560.57
1563.57
1569.71
1575.88
1578.99
1585.22
1588.38
1594.71
1601.05
1605.86
1610.66
1613.90

1.5202E+02
1.5254E+02
1.5299E+02
1.5343E+02
1.5387E+02
1.5432E+02
1.5479E+02
1.5523E+02
1.5582E+02
1.5610E+02
1.5653E+02
1.5695E+02
1.5719E+02
1.5746E+02
1.5793E+02
1.5800E+02
1.5841E+02
1.5865E+02
1.5885E+02
1.5911E+02
1.5943E+02
1.5948E+02
1.5958E+02
1.5942E+02
1.5922E+02
1.5923E+02
1.5958E+02
1.5932E+02
1.5941E+02
1.5895E+02
1.5848E+02
1.5788E+02
1.5780E+02
1.5702E+02
1.5644E+02
1.5564E+02
1.5508E+02
1.5432E+02
1.5320E+02
1.5145E+02
1.4993E+02
1.4800E+02
1.4640E+02

Calibration Date: Jan 04 —Jan 18, 2024, and May 28 — Jun 06, 2024.
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0.34
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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
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ExIGA-8350-001 1620.44 1.4204E+02 0.34
ExIGA-8350-001 1627.01 1.3339E+02 0.34
ExIGA-8350-001 1630.34 1.2521E+02 0.34
ExIGA-8350-001 1635.35 1.0347E+02 0.34
ExIGA-8350-001 1638.66 8.5039E+01 0.34
ExIGA-8350-001 1643.69 6.0494E+01 0.34
ExIGA-8350-001 1648.77 4.3530E+01 0.34
ExIGA-8350-001 1653.90 3.2607E+01 0.34
ExIGA-8350-001 1660.73 2.3505E+01 0.34
ExIGA-8350-001 1665.89 1.8989E+01 0.34
ExIGA-8350-001 1671.09 1.5526E+01 0.34
ExIGA-8350-001 1674.61 1.3602E+01 0.34
ExIGA-8350-001 1679.87 1.1220E+01 0.34
ExIGA-8350-001 1683.40 9.8475E+00 0.34
ExIGA-8350-001 1688.69 8.1134E+00 0.34
ExIGA-8350-001 1695.85 6.2368E+00 0.34
ExIGA-8350-001 1699.45 5.4456E+00 0.34
ExIGA-8350-001 1703.00 4.7659E+00 0.34
ExIGA-8350-001 1710.26 3.6265E+00 0.34
ExIGA-8350-001 1713.96 3.1758E+00 0.34
ExIGA-8350-001 1721.27 2.4202E+00 0.34
ExIGA-8350-001 1724.96 2.1133E+00 0.34
ExIGA-8350-001 1730.55 1.7147E+00 0.34
ExIGA-8350-001 1734.27 1.4945E+00 0.34
ExIGA-8350-001 1738.01 1.2976E+00 0.34
ExIGA-8350-001 1745.57 9.7345E-01 0.34
ExIGA-8350-001 1749.39 8.3869E-01 0.35
ExIGA-8350-001 1753.22 7.2639E-01 0.35
ExIGA-8350-001 1760.94 5.4225E-01 0.36
ExIGA-8350-001 1764.82 4.7292E-01 0.36
ExIGA-8350-001 1768.70 4.0950E-01 0.51
ExIGA-8350-001 1770.66 3.7908E-01 0.42
ExIGA-8350-001 1776.55 3.0872E-01 0.42
ExIGA-8350-001 1780.48 2.6896E-01 0.37
ExIGA-8350-001 1782.44 2.5168E-01 0.38
ExIGA-8350-001 1784.41 2.3624E-01 0.47
ExIGA-8350-001 1790.39 1.9479E-01 0.41
ExIGA-8350-001 1794.38 1.7213E-01 0.55
ExIGA-8350-001 1798.42 1.5209E-01 0.49
Calibration Date: Jan 04 —Jan 18, 2024, and May 28 — Jun 06, 2024. Page 14 of 17
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Section 3.4 Uncertainty Analysis for Radiance Responsivity of GLAMR-1GA-109

The uncertainty analysis for GLAMR-IGA-109 is shown in Table 3.4.

Table 3.4 Uncertainty Budget for Absolute Spectral Radiance Responsivity of GLAMR-IGA-109.

Relative k=1 Relative k=1 Relative k=1 Relative k=1
Standard Standard Standard Standard
Uncertainty Uncertainty Uncertainty Uncertainty
[%0] [%0] [%0] [%0]
From From From From
Uncertainty T-06 DET-8-101 DET-8-101 ExIGA-8350-
Component (730 nm to (920 nm to (945 nmto | 001 (1600 nm to
915 nm) 945 nm) 1600 nm) 1800 nm)
Combined
Measurement
Percent Standard 0.005 0.005 0.013 0.08
Deviation!
Referen_ce D_etector 0.036 0.1 0.33 0.33
Calibration
Reference Detector 0.036 NA. NA. NA.
Distance
Reference Detector NA. 0.1 0.1 0.09
Position
Amplifier gain® 0.01 0.01 0.01 0.01
Geometry 0.05 0.05 0.05 0.05
Alignment
Aperture Areas 0.034 N.A. N.A. N.A.
Wavelength 0.02 0.02 0.02 0.02
Combined
Standard 0.082 0.15 0.35 0.36
Uncertainty (k=1)°

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 [Vcm2sr/W].

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

Calibration Date: Jan 04 —Jan 18, 2024, and May 28 — Jun 06, 2024.
NIST Test No.: 685.04/SRS2024-002
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4. General Information

Information was recorded in the SIRCUS Vis #22 laboratory notebook, pp.45-51 and 73-83.

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

This calibration required 14 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. 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-IGA-109 are located on Elwood
under:

\\cfs2e.nist.gov\685\interna\GO4\SIRCUS\SIRCUS\Calibrations\SIRCUS
Calibrations\FY 2024 Calibrations\GLAMR Radiometers\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.
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