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Delegate: Stefan Kiick

1. Summarize the recent progress in your laboratory with respect to measurement
standards, research projects, and metrology services to fulfill the demands of
customers in:

(a) broad-band radiometric quantities:

e Aresearch project (DINoOLED) was started to investigate the boundary conditions
to replace Mercury discharge UV-sources for water disinfection by LED sources.

e A working group at DIN was established to develop a standard for the
specifications of UV-C air disinfection.

o The EMPIR Project 19ENV04 MAPP started to provide metrology for aerosol
optical properties

e A new mobile setup for calibration of pyrgeometers and other broad-band
hemispherical infrared detectors:
A new mobile setup was established at PTB to allow the direct calibration of
pyrgeometers, and other broad-band hemispherical infrared detectors typically
used to measure the downwelling longwave radiation of the atmosphere directly
against calculable blackbody radiation with uncertainties of 0.5 W/m?.
Pyrgeometers are operated worldwide in networks like the Baseline Surface
Radiation Network (BSRN). Their traceability is currently realized against one
blackbody operated at PMOD/WRC Davos. The main component of the new setup
of PTB is the Hemispherical Blackbody (HSBB) specifically designed to meet the
needs of hemispherical detectors, i.e., showing no angular dependance of the
effective emissivity. This blackbody provides an independent path of traceability of
pyrgeometers to the SI. Meanwhile an intercomparison between the blackbody of
PMOD and the HSBB was also conducted very successfully which verifies the
existing route of traceability. This independent traceability to the Sl is a topic long
requested by the WMO. The new setup featuring the HSBB is now available for
service and further intercomparisons.

(b) spectral radiometric quantities:

e The EMPIR JRP 19NRMO2 started to provide input for the revision of standards,
where one work item belongs to the implementation of correlations with respect
to spectral measurements
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e The TULIP setup at PTB for the laser-based measurement of the spectral
responsivity of broadband detectors was improved by a quasi-continuous laser
system based on a picosecond pulse laser with a bandwidth in the one-nanometer
range which is ideal for such investigations.

e The measurement setup the total spectral radiant flux of PTB’s robot
goniophotometer was successfully improved by implementation of new array-
spectroradiometers covering now the spectral range from 360nm to 1050 nm. This
will expand PTB’s measurement capability accordingly.

e Spectral responsivity of thermal detectors in the mid-infrared region:

The spectral responsivity of a set of thermopile detectors and pyroelectric
detectors has been calibrated in the near-infrared and mid-infrared region by
using a cryogenic substitution radiometer as a detector standard and a blackbody
as a radiation source standard. The application of two different kinds of primary
standards enabled to verify each method and to extend the wavelength range for
detector calibrations in the mid-infrared region up to 14 um. Additionally, PTB has
set up a detector comparison facility dedicated for the near- and mid-infrared
spectral region. The set of calibrated thermal detectors may be used as secondary
detector standards for the dissemination of the spectral responsivity to customer
detectors at this facility. The particularities of pyroelectric detectors when used for
absolute measurements of chopped radiation have explicitly been investigated
within the mentioned calibration measurements.

e Radiometry for remote sensing:

The Reduced Background Calibration Facility 2 of PTB is strongly involved in
realizing radiometric traceability and characterisation of optical components for
ESA’s ESA Earth Explorer 9 FORUM mission and the LIBERA mission of NASA, NIST
and LASP due to its worldwide unique ability to provide traceable spectral
radiance up to 100 um. To meet the ambitious needs of both missions the RBCF2
is continously improved. Current developments are a new Variable Reference
Blackbody and a Coldscreen offering a temperature controlled and uniform
scenery. Both combined will reach radiometric uncertainties in-lab below 10 mKin
the FIR region.

The installation of a newly developed, improved monochromator beam line for
the (vacuum-) ultraviolet spectral range from 40 nm to 400 nm is in the final
phase. This will enhance the capabilities for detector calibration.

The CCPR KC K2d (10 nm -200 nm) have not started so far. Besides PTB (pilot), two
other NMI (NIST, VNOFII) have stated their interest. Current work is underway to
identify suitable artefacts for the comparison regarding their uniformity, stability
and availability.

e Metrology for single photon sources and detectors:

An InGaAs quantum dot based single-photon source was applied for the absolute
detection efficiency calibration of a silicon single-photon avalanche diode. The
single-photon source delivers up to 2.55 x 10° photons per second inside a
multimode fiber at the wavelength of 929.8 nm for above-band pulsed excitation
with a repetition rate of 80 MHz. The purity of the single photon emission,



Bureau
International des
T Poids et
+ Mesures (V1, 31 March 2022) CCPR 22/03

expressed by the value of the 2nd order correlation function g'?(t = 0), is between
0.14 and 0.24 depending on the excitation power applied to the quantum dot. The
single-photon flux is sufficient to be measured with an analog low-noise reference
detector, which is traceable to the national standard for optical radiant flux. The
measured detection efficiency using the single-photon source remains constant
within the stated uncertainty for different photon fluxes. The standard uncertainty
in the calibration of the detection efficiency is around 1.2 %.
A single-photon source based on dibenzoterrylene in anthracene (DBT:Ac) was
developed, whose photon flux is traceably measured to be adjustable between
144 000 and 1320 000 photons per second at a wavelength of (785.6 £ 0.1) nm,
corresponding to an optical radiant flux between 36.5 and 334 fW. The high purity
of the single-photon stream is verified, with a second-order autocorrelation
function at zero time delay below 0.1 throughout the whole photon flux range.
Such a molecule based single-photon source was used for the calibration of a
single-photon avalanche detector against a low-noise analog photodiode traceable
to the primary standard for optical radiant flux (i.e., the cryogenic radiometer).
Due to the narrow bandwidth of the source, corrections to the detector efficiency
arising from the spectral power distribution are negligible. With this major
advantage, the developed device may finally realize a low-photon-flux standard
source for quantum radiometry. The standard uncertainty in the calibration of the
detection efficiency is around 2 %.
The angular-dependent emission of different single-photon emitters, based on
nitrogen-vacancy centers in nano-diamond and on core-shell CdSe/CdS quantum
dot nanoparticles, was characterized. The angular-dependent emission was
measured using a back focal plane imaging technique. A theoretical model of the
angular emission patterns of the 2D dipoles of the emitters was developed to
determine their orientation, which predicts the experiment well.
The precise estimation of a detector’s response to the incoming light is necessary
to avoid security breaches in quantum communication. The typical working regime
uses a free-running single-photon avalanche diode in combination with attenuated
laser pulses at telecom wavelength for encoding information. An analytical model
for this regime, which considers the effects of dark counts and dead time on the
measured count rate was developed.

e Laser radiometry
A measurement of laser power can be performed by the measurement of its
photon momentum. For this the viability and precision of the photon-momentum-
based optical power measurement method that employs an amplification effect
caused by a multi-reflected laser beam trapped in an optical cavity was reviewed.
An comparison was carried out for an optical power range between 1 W and 10 W
at a wavelength of 532 nm, which corresponds to a force of approximately 2000
nN at the upper limit, yielding approximately 2.3% relative standard uncertainty in
the case of 33 reflections. This method enables especially the extension to the
range of highest laser power.
A bilateral comparison between NIST and PTB laser power standards for scale
realization confidence by gravitational wave observatories was performed. The
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gravitational wave (GW) observatories calibrate interferometer displacement
using photon momentum, with laser power serving as the measurand. These
observatories are traceable to the International System of Units through a primary
standard maintained by the US’s National Metrology Institute (NMI), the National
Institute of Standards and Technology (NIST). The bilateral degree of equivalence
of laser power measurements for various NMls indicated in the 2010
EUROMET.PR-S2 supplementary comparison reveals scale realization uncertainty
unacceptably large for GW event parameterization. In this work the analysis to
identify the source of the discrepancy between the PTB and NIST results was
carried out. Using an improved transfer standard in a bilateral comparison, with
representatives of the Laser Interferometer Gravitational-Wave Observatory
(LIGO) receiving results prior to their comparison, NIST and PTB demonstrated a
degree of equivalence of -0.15% with an uncertainty of 0.95% (k = 2) for combined
100 mW and 300 mW.

o Differential Spectral Responsivity facility (DSR and Laser-DSR)
The laser-based Differential Spectral Responsivity (DSR) facility is used for high
precision calibrations of the spectral irradiance responsivity of large area detectors
like solar cells with an uncertainty of 0.4%. With the activities of the last three
years, the uncertainty was reduced to 0,32%. Current activities are aimed at a
traceable measurement of cell size, which is required for an extension of the
portfolio to include efficiency measurements. The final report of the EURAMET
Comparison PR-S5 (Project No. 1226) about the “Calibration of reference solar
cells at standard test conditions” was published in 2021.

e Competence Centre for PV-Metrology
The PTB is establishing a competence center for PV metrology. It will offer a
unique infrastructure of laboratory and free-field calibration procedures with the
lowest measurement uncertainties worldwide and it will serve the metrological
support of the energy transition. With the PV Metrology Competence Centre, PTB
is extending their activities from the area of solar cells to solar modules. It will
cover all required parameters for a comprehensive calibration regarding all yield-
relevant quantities and the energy rating according to IEC 61853, e.g., the power
measurement of modules as well as its dependency on the temperature,
irradiance, angle, spectrum and wind speed. In 2021 the calibration of solar
modules according to their power measurement was successfully audited. In
addition, a metric for the determination of the shading tolerance of PV modules
was developed and tested.

¢ Diffuse Reflectance
The goniometric primary set-up as well as the sphere-based facility are constantly
asked for calibration tasks on a high level.
The wavelength range of the gonio-setup was enhanced to cover the NIR range
>1700 nm to 2500 nm by implementing new measurement schemes and radiation
sources. The uncertainty in blue and UV wavelength range was reduced by
substitution of the halogen lamp by LEDs.
The EMPIR project “BiRD, Bidirectional Reflection Definition” was successfully
finalized. In May 2019 the EMPIR program BxDiff (“Bi-directional measurements in
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extra dimensions of diffusing materials”, call S| broader scope) was started in
which the European measurements capabilities for BRDF-measurements will be
improved, first NMI reference set-ups for BSSRF will be created, and dedicated
BTDF primary facilities will be implemented at Aalto and PTB.

e Regular spectral transmittance and reflectance
The primary facility is constantly booked out by calibrations, not few being
performed on special items from optical industry, research institutions or industry.
Therefore, a continual effort is made especially in adding new radiation sources.
E.g., a quantum cascade laser for measurements in the MIR was successfully
integrated as well as small spot laser sources to supply calibrations in the growing
field of micro-samples.

(c) photometric quantities:

e A special robot arm with 6 degrees of freedom (CaRo) as a detector positioning
system for characterising the directional luminance of luminance standards was
installed at the photometric bench of PTB and successfully tested. It is used to
determine unavoidable non-uniformities in the amplitude of the luminance as a
function of location and direction when calibrating ILMDs with luminance
standards, separately for the non-uniformity of the luminance standard and the
non-uniformity of the camera.

e An extension of PTB’s network of standard lamps by LED-based artefacts for
luminance, luminous intensity and luminous flux is started.

e The EMPIR JRP 20NRMO1 MetTLM started to provide input for the standardization
of temporal light modulation (TLM) and temporal light artefacts, where one work
package belongs to the development and demonstration of new measurement
modes regarding imaging luminance and (multi-) spectral TLM measurements.

e The Partnership JRP 21NRMO01 HiDyn to perform research about luminance
distribution measurements for assessing glare and obtrusive light using high-
dynamic-range imaging systems was selected for funding.

(d) other area(s) relevant to CCPR:

e Status of the CCPR-K2.a.2015:
PTB participates in “Pilot study on the comparison CCPR-K2.a.2015. “Spectral
Responsivity” (wavelength range 900 nm to 1600 nm). PTB has finished its
measurements and has sent the result report to the pilot. detection efficiency of
single-photon detectors — Si-SPAD” (EURAMER Project 1468)

e Status of the CCPR-K2.b.2016:
PTB participates in the comparison CCPR-K2.b.2016. “Spectral Responsivity”
(wavelength range 300 nm to 1000 nm). PTB has finished its measurements and
has sent the result report and the technical report to the pilot.

e The “pilot study on the detection efficiency of single-photon detectors — Si-SPAD”
started in May 2016 at PTB with the first measurements. This pilot study is carried
out within the frame of the CCPR-WG-SP Task Group 11. There are 11 participants
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in this pilot study, from which 10 have already carried out their measurements. It
is planned that the study ends in 2023 with the final report.

2. What work in PR has been/will be terminated in your laboratory, if any, in the past
/future few years? Please explain the reasons and provide the name of the institution
if it has been/will be substituted by a DI or accredited laboratory.

none

3. Summarize the Capacity Building and Knowledge Transfer activities undertaken by
your institute in photometry and radiometry (courses, training, ...):

In November 2019, PTB organized the 11% short course in photometry for German
speaking participants. This short course comprises the most relevant topics of
metrology and traceability in the field of photometry and colorimetry and targets
lighting engineers and scientists working in the field of metrology.

In May 2022, PTB will hold the 12t Photometry short course in Braunschweig.

PTB is also coordinating the EMPIR small collaborative project SmartPhoRa.

4. Summarize the research projects currently performed within a collaboration with one
or more NMls or Dis (name of the project, participants):

EMPIR JRP 18SIB10 chipS-CALe “Self-calibrating photodiodes for the radiometric
linkage to fundamental constants”, participants: JV, Aalto, CMI, CNAM, INRIM,
Metrosert, PTB, TUBITAK, IFE, SINTEF, USN

EMPIR JRP 19NRMO02 RevStdLED “Revision and extension of standards for test
methods for LED lamps luminaires and modules”, participants: PTB, Aalto,CSIC,
IPQ, LNE, TUBITAK, DTU, KIT, NSC-IM, candelTec, JETI, NMISA, TechnoTeam
EMPIR JRP 19ENV04 MAPP “Metrology for aerosol optical properties”;
Participants: SFl Davos, Aalto, CMI, NPL, PTB, VSL, AEMET, CNR, CNRS, GRASP SAS,
Our, UV, UVa,

EMPIR SCP SmartPhoRa “Smart specialization and stakeholder linkage in
photometry and radiometry”; Participants: PTB, Aalto, BIM, CNAM, CSIC, GUM,
INM-MD, Metrosert, TUBITAK.

EMPIR JRP 20NRMO01 MetTLM “metrology for temporal light modulation”;
Participants: VSL, Aalto, PTB, RISE, CSTB, DTU, ICCS, TU-E, VHK, GGO, LMT, Signify
Partnership JRP 21INRMO1 HiDyn “support for the standardisation of luminance
distribution measurements for assessing glare and obtrusive light using high-
dynamic-range imaging systems”; Participants: PTB, Aalto, CMI, CNAM, CSIC, ICCS,
TUB, EPFL, METAS (status: selected for funding, negotiation ongoing)

EMPIR JRP 20IND04 ATMOC “Advanced Traceable Metrology for Optical
Constants; Participants:17FUNO6 SIQUST “Single-photon sources as new standard
sources”, PTB, Aalto, BAM, DFM, TUBITAK, VSLCMI, INRIM, Metrosert, NPL, VTT,
CEA, CNRS, FSU Jena, FVB, IMEC, JCM, JKU, TU DelftCNR, CSIC, FAU, INFN, TUB, U
Twente, RWTH, ZeissUdS, UNITO, USTUTT
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e EMPIR JRP 20FUNO5 SEQUME “Single and entangled photon sources for quantum
metrology”, PTB, Aalto, CMI, DFM, JV, Metrosert, TUBITAK, CNR, CSIC, FAU, INFN,
KBFI, TUB, UdS, UNITO, USTUTT, ZIB, INRIM

e EMPIR 19NET02 EMN-Quantum, “Support for a European Metrology Network on
guantum technologies”, CMI, GUM, INRIM, LNE, LNE-SYRTE, NPL, PTB, UME

e EMPIR 19ENVQO7 MetEOC-4 “Metrology for Earth Observation and Climate”, NPL,
Aalto, CMI, PTB, SFI Davos, FZ-Jilich, JRC, NLS, Rayference, SURREY, Our, UZH,
BUW, HUK, KIT, UGent

5. Are there any other research projects where you might be looking for collaborators

from other NMls or are there studies that might be suitable for collaboration or
coordination between NMlIs?

none

Have you got any other information to place before the CCPR in advance of its next
meeting?

none

Bibliography of radiometry and photometry papers of your laboratory since the last
CCPR (September 2019):

2019

Bernad, B., Ferrero, A., Strothkdmper, C., Campos, J., Pons, A., Quast, T., Hauer, K., &
Schirmacher, A. (2019). Deviation of white diffuse reflectance standards from perfect
reflecting diffuser at visible and near-infrared spectral ranges. Metrologia, 56(5),
Article 055005.

Bliss, Martin, Tom Betts, Ralph Gottschalg, Elena Salis, Harald Miillejans, Stefan
Winter, Ingo Kroger, Karsten Bothe, David Hinken und Jochen Hohl-Ebinger (2019):
Interlaboratory comparison of short-circuit current versus irradiance linearity
measurements of photovoltaic devices, in: Solar Energy, Jg. 182, 256-263

Hinken, D., Ingo Kroger, Stefan Winter, R. Brendel und K. Bothe (2019): Determining
the spectral responsivity of solar cells under standard test conditions, in:
Measurement Science and Technology, Jg. 30, Nr. 12, 1-6

Tobias Pohl, Peter Meindl, Uwe Johannsen, Dieter Taubert, Lutz Werner:
Measurement of the absolute spectral responsivity in the mid-infrared based on the
cryogenic electrical substitution radiometer and an optimized thermopile detector. J.
Sens. Sens. Syst., 8, 195-205, https://doi.org/10.5194/jsss-8-195-2019, 2019.
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Geiland Porrovecchio, Marek Smid, Lutz Werner, Uwe Johannsen, Ulrike Linke: Long-
term spectral responsivity stability of predictable quantum detectors. Proceedings of
29th CIE Session 2019: (2019), 417 - 420.

Porsiel, J., Temel, B., Schirmacher, A., Buhr, E., & Garnweitner, G. (2019). Dimensional
characterization of cadmium selenide nanocrystals via indirect Fourier transform
evaluation of small-angle X-ray scattering data. Nano Research, 12(11), 2849-2857.

Salis, Elena, Diego Pavanello, Ingo Kroger, Stefan Winter, Karsten Bothe, David
Hinken, T. Gandy, Jochen Hohl-Ebinger, Gabi Friesen, Sebastian Dittmann, Jimmy
Dubard und Harald Miillejans (2019): Results of four European round-robins on short-
circuit current temperature coefficient measurements of photovoltaic devices of
different size, in: Solar Energy, Jg. 179, 424-436

Santourian, I., Teichert, S., Hauer, K., & Schirmacher, A. (2019). Investigation of the
suitability of high-power LEDs for the use as radiation source for PTB's
gonioreflectometer. (Ed.). In Lux junior 2019 Proceedings (43-50).

Sperling, A.; Kiick, S.; The Sl unit candela; Annalen der Physik (2019)

Strater, Hendrik, Stefan Riechelmann, Frank Neuberger und Stefan Winter (2019):
LED-based differential spectral responsivity measurements of PV modules, EU PVSEC
Conference Proceedings, 1121-1126

2020

Christinck, J.; Rodiek, B.; Lépez, M.; Hofer, H.; Georgieva, H.; Kiick, S.;
Characterization of the angular-dependent emission of nitrogen-vacancy centers in
nanodiamond; Applied Physics B (2020)

Ferrero, A., Basic, N., Acosta, J., Pastuschek, M., Perales, E., Porrovecchio, G., Smid,
M., Schirmacher, A., Molinero, J., & Verdq, F. (2020). An insight into the present
capabilities of national metrology institutes for measuring sparkle. Metrologia, 57(6),
Article 065029.

M. Garin, J. Heinonen, L. Werner, T. P. Pasanen, V. Vahanissi, A. Haarahiltunen, M.
Juntunen, H. Savin: Black-silicon ultraviolet photodiodes achieve external quantum
efficiency above 130%. Physical Review Letters: 125 (2020), 7 S.

Georgieva, H.; Lépez, M.; Hofer, H.; Christinck, J.; Rodiek, B.; Schnauber, P.;
Kaganskiy, A.; Heindel, T.; Rodt, S.; Reitzenstein, S.; Klick, S.; Radiometric
characterization of a triggered narrow-bandwidth single-photon source and its use
for the calibration of silicon single-photon avalanche detectors; Metrologia (2020)

Kiick, S.; Einzelphotonenmetrologie; PTB-Mitteilungen (2020)
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Koutsourakis, George, Michael Rauer, Alexandra Schmid, Giovanni Bellenda, Tom R.
Betts, James C. Blakesley, Martin Bliss, Johanna Bonilla, Karsten Bothe, Sebastian
Dittmann, Juan Lopez-Garcia, Werner Herrmann, David Hinken, Robert Kenny, Ruben
R. Molinero, Diego Pavanello, Stefan Riechelmann, Hendrik Strater, Alberto Vegas
und Stefan Winter (2020): Results of the bifacial PV cells and PV modules power
measurement round robin activity of the PV-enerate project, EU PVSEC Proceedings,
877-882

Lombardi, P.; Trapuzzano, M.; Colautti, M.; Margheri, G.; Degiovanni, |. P.; Lépez
Ordonez, M. A,; Kiick, S.; Toninelli, C.; A molecule-based single-photon source applied
in quantum radiometry; Advanced Quantum Technologies (2019)

Lépez Ordonez, M. A.; Meda, A.; Porrovecchio, G.; Starkwood (Kirkwood), R. A.;
Genovese, M.; Brida, G.; Smid, M.; Chunnilall, C. J.; Degiovanni, I. P.; Kiick, S.; A study
to develop a robust method for measuring the detection efficiency of free-running
InGaAs/InP single-photon detectors; EPJ Quantum Technology (2020)

Moreva, E.; Traina, P.; Kirkwood, R. A.; Lopez Ordonez, M. A.; Brida, G.; Gramegna,
M.; Ruo-Berchera, |.; Forneris, J.; Ditalia Tchernij, S.; Olivero, P.; Chunnilall, C. J.; Klck,
S.; Genovese, M.; Degiovanni, |. P.; Feasibility study towards comparison of the
g(2)(0) measurement in the visible range; Metrologia (2019)

Tobias Pohl, Peter Meindl, Uwe Johannsen, Lutz Werner, Jorg Hollandt: Absolute
calibration of the spectral responsivity of detectors in the MIR at the PTB.
Proceedings SMSI 2020 Conference Sensor and Measurement Science International:
(2020), 147 - 148.

Rebufello, E.; Piacentini, F.; Lopez Ordonez, M. A.; Kirkwood, R. A.; Ruo Berchera, |.;
Gramegna, M.; Brida, G.; Kiick, S.; Chunnilall, C. J.; Genovese, M.; Degiovanni, I. P.;
Towards a standard procedure for the measurement of the multi-photon component
in a CW telecom heralded single-photon source; Metrologia (2019)

Riechelmann, Stefan, Hendrik Strater und Stefan Winter (2020): Determination of a
PV module power matrix with an LED solar simulator, EU PVSEC Proceedings,
Minchen: WIP., 1168-1170

Schinke, Carsten, Hendrik Pollex, David Hinken, Martin Wolf, Karsten Bothe, Ingo
Kroger, Saulius Nevas und Stefan Winter (2020): Calibrating spectrometers for
measurements of the spectral irradiance caused by solar radiation, in: Metrologia, Jg.
57,Nr. 6, 1-28

Winter, Stefan (2020): Characterization and power measurement of IPV Cells, in:
Monika Freunek Miiller (Hrsg.), Indoor Photovoltaics: Materials, Modeling, and
Applications, Hoboken, NJ: Wiley-Scrivener., 115-132
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2021

Ferrero, A., Frisvad, J. R., Simonot, L., Santafé, P., Schirmacher, A., Campos, J., &
Hebert, M. (2021). Fundamental scattering quantities for the determination of
reflectance and transmittance. Optics Express, 29(1), 219-231.

Ferrero, A., Peralis, E., Basic, N., Pastuschek, M., Porrovecchio, G., Schirmacher, A.,
Veldzquez, J. L., Campos, J., Martinez-Verdd, F. M., Smid, M., Linduska, P., Dauser, T.,
& Blattner, P. (2021). Preliminary measurement scales for sparkle and graininess.
Optics Express, 29(5), 7589-7600.

Fray, S.; Lippa, M.; Semmler, E.; Posselt, W.; Giaccari, Ph.; Mastrandrea, C. A.; Zeitner,
U. D.; Fluegel-Paul, T.; Sadlowski, S.; Kaesebier, T.; Monte, C.; Kehrt, M.; FORUM
payload study for phase A/B1 by a consortium led by OHB System AG and TAS-UK;
“International Conference on Space Optics” ICSO 2020, SPIE Vol. 11852, (2021)

Georgieva, H.; Lopez, M.; Hofer, H.; Kanold, N.; Kaganskiy, A.; Rodt, S.; Reitzenstein,
S.; Kick, S.; Absolute calibration of a single-photon avalanche detector using a bright
triggered single-photon source based on an InGaAs quantum dot; Optics Express
(2021)

Georgieva, H.; Meda, A.; M. F. Raupach, S.; Hofer, H.; Gramegna, M.; Pietro
Degiovanni, |.; Genovese, M.; Lopez, M.; Kiick, S.; Detection of ultra-weak laser pulses
by free-running single-photon detectors: Modeling dead time and dark counts
effects; Applied Physics Letters (2021)

Hameury, J.; / Failleau, G.; Arduini, M.; Manara, J.; Kononogova, E.; Adibekyan, A.;
Monte, C.; Kirmes, A.; Palacio, E.; Simon, H.; Assessment of uncertainties for
measurements of total near-normal emissivity of low-emissivity foils with an
industrial emissometer ; Journal of Sensors and Sensor Systems , (2021)

Mahringer, A., Déblinger, M., Hennemann, M., Gruber, C., Fehn, D., Scheurle, P.,
Hosseini, P., Santourian, I., Schirmacher, A., Rotter, J., Wittstock, G., Meyer, K., Clark,
T., Bein, T., & Medina, D. (2021). An electrically conducting three-dimensional iron-
catecholate porous framework. Angewandte Chemie: International Edition, 60(33),
18065-18072.

Stefan Kiick, Single photon sources for absolute radiometry — A review about the
current state of the art, Measurement: Sensors, Volume 18, 2021, 100219,
ISSN 2665-9174, https://doi.org/10.1016/j.measen.2021.100219.

Pachot, C.; Carnicero-Dominguez, B.; Sierk, B.; Mariani, F.; Riel, S.; Oetjen, H.;
Rodrigues, G.; Ratzsch, S.; Redlich, D.; Posselt, W.; Alberti, E.; Mastrandrea, C.;
Monte, C.; Montembeault, Y.; Smith, D.; Ade, P.; Durandi, X.; Kolm, M.; Far infrared
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Fourier transform spectrometer breadboard activities for the FORUM mission, ESA’s
9th Earth Explorer; “International Conference on Space Optics” ICSO 2020 ; SPIE Vol.
11852, (2021)

Tobias Pohl, Peter Meindl, Uwe Johannsen, Lutz Werner, Jorg Hollandt: Realization
and dissemination of the spectral responsivity of thermal detectors in the mid-
infrared spectral range at the PTB. NEWRAD 2021 conference proceedings: (2021), 45
- 46.

Tobias Pohl, Peter Meindl, Lutz Werner, Uwe Johannsen, Dieter Taubert, Christian
Monte, Jorg Hollandt: Absolute calibration of the spectral responsivity of thermal
detectors in the near-infrared (NIR) and mid-infrared (MIR) regions by using
blackbody radiation. J. Sens. Sens. Syst., 10, 109-119, https://doi.org/10.5194/jsss-
10-109-2021, 2021.

Tobias Pohl, Peter Meindl, Lutz Werner, Uwe Johannsen, Dieter Taubert, Christian
Monte, Jorg Hollandt: Absolute calibration of the spectral responsivity of thermal
detectors at a high-temperature blackbody at the PTB. NEWRAD 2021 conference
proceedings: (2021), 101 - 102.

Santourian, |., Quast, T., Teichert, S., Hauer, K., & Schirmacher, A. (2022). Novel LED-
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