
Corona reference measure-
ment procedure
Detecting SARS-CoV-2 by means of digital PCR

Especially interesting for
• medical laboratories
• metrology institutes
• physicians and patients

Droplet digital PCR has been used in 
international comparison measure-
ments to ensure the quality of SARS-
CoV-2 tests for the first time. Hereby, 
this method proved particularly suc-
cessful to quantify the RNA concentra-
tion.

The SARS-CoV-2 pandemic has 
shown that tests evaluated by medical 
laboratories are of paramount impor-
tance in detecting an infection. The 
term PCR has now become familiar 
to most people. The test methods are 
based on detecting viral RNA using 
PCR (polymerase chain reaction) meth-
ods. These methods involve recognizing 

certain sequences of the viral genome 
and amplifying them highly specifically 
by means of PCR until they can be de-
tected. Hereby, a positive test result will 
only be obtained if the viral RNA that is 
being searched for is really present.

For these tests, it is extremely im-
portant to know the reliability, compa-
rability and reproducibility of the test 
results. To ensure the quality and com-
parability of the test results, PTB is de-
veloping, among other things, reference 
measurement procedures to detect the 
viral genome of SARS-CoV-2. The con-
tribution these reference measurement 
procedures can provide has now been 
investigated within the scope of interna-
tional comparison measurements bet-
ween medical laboratories. These com-
parisons were organized by INSTAND 
e. V. (Gesellschaft zur Förderung der 
Qualitätssicherung medizinischer Lab-
oratorien e. V.) in collaboration with 

Multichannel pipette while filling a multiwell plate (large picture) and scheme showing how frag-
ments of nucleic acid are digitized in a droplet digital polymerase chain reaction (ddPCR) (inset). 
Here, digitizing means that each viral RNA fragment that has been found is assigned the value 1.
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the National Consultant Laboratory for 
Coronaviruses of the Institute of Virol-
ogy of the Charité hospital in Berlin. In 
total, more than 1000 medical labora-
tories took part – among them labora-
tories of PTB, NIST (USA), and LGC-
NML (UK).

With the measurement procedures 
developed by these three national me-
trology institutes, it was, for the first 
time, possible to assign reliable and ac-
curate target values to the control spec-

imens sent that contained various RNA 
concentrations. A new and innovative 
technique was used for this purpose: 
droplet digital PCR (ddPCR). Hereby, the 
sample to be analyzed is divided into up 
to 20 000 droplets by means of an oil-in-
water emulsion. In each of these droplets, 
the corresponding genomic sequence is 
amplified and analyzed. In this way, even 
very small amounts of viral RNA can be 
reliably detected and quantified.

By developing a ddPCR reference mea-

Contact
Rainer Macdonald
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Biomedical Optics
Phone: +49 30 3481-7542
rainer.macdonald@ptb.de

surement procedure, PTB is significantly 
contributing to ensuring the quality and 
comparability of the measurements results 
and to assessing the test methods used. ■

Setting up ball plates and hole plates
Investigation of deformation due to the dead weight of large standards

Especially interesting for
• calibration laboratories and metrology 

institutes
• manufacturers and users of coordinate 

measuring machines

Ball plates and hole plates are measure-
ment standards typically used to ensure 
the traceability of coordinate measur-
ing machines. To arrange the plates 
vertically, one single supporting stand 
is often used that is placed laterally to 
the standard. Numerical simulations 
based on the finite-element method that 
were performed at PTB have shown that 
such an arrangement no longer fulfills 
the ever stricter requirements for the 
calibration of modern, high-precision 
coordinate measuring machines.

In the past few years, high-precision co-
ordinate measuring machines have been 
developed to ensure the quality of ever 
more accurate manufacturing processes 
in production. These coordinate mea-
suring machines achieve uncertainties of 
0.3 µm + 1 µm/m for length measurement 
errors. The traceability, correct adjust-
ment and checking of such coordinate 
measuring machines require standards 
that have been calibrated with a much 
lower measurement uncertainty. This is 
the reason why influences that could pre-
viously be neglected, now have to be tak-
en into account when calibrating ball and 
hole plates typically used as standards as 
their considerable dead weight leads to a 
deformation of the standards, depending 
on how they were set up on the coordinate 

measuring machine. A simulation study 
using the finite-element method (FEM) 
was carried out in order to describe these 
influences quantitatively and to allow the 
measurement and calibration procedures 
used to be improved. Here, the central 
question was to deter-
mine the relation between 
the deformations under-
gone by the plates and 
typical measurement un-
certainties and whether 
these deformations are 
negligible.

The results of the 
FEM investigations have 
shown that the vertical 
supporting stands cur-
rently used in industry for 
ball plates (consisting of a 
single supporting stand 
applied laterally to the 
standard) are particular-
ly prone to plying under 
the influence of the dead 
weight of the ball plates. 
This causes an asymmetric 
deformation of up to 0.37 
µm, which is not negligi-
ble. In this scenario, the deviations from 
the calibration values of the standards are 
particularly large in the horizontal plane, 
since spherical calotte plates are usually 
calibrated horizontally but also used in 
various positions.

The obvious alternative involving two 
supporting lateral stands was also investi-
gated. It showed that this arrangement re-
duces deformation to such an extent that 
the influence becomes acceptable, even to 

Contact
Daniel Heißelmann
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Scientific publication
Publication in the “Technisches Mes-
sen” specialist journal (DeGruyter) in 
preparation

ensure the traceability of high-precision 
coordinate measuring machines. ■

Deformation of a ball plate made of tool steel with a mass of ap-
prox. 30 kg and an edge length of 620 mm (blue: low deformation; 
red: strong deformation; isolines in black)
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Controlling active fluids
Turbulence in bacterial suspensions and other active fluids described theoretically for 
the first time

Especially interesting for
• biology, medicine (e.g. formation of 

biofilm)
• technology (e.g. new materials)

In a cooperation project between PTB 
and TU Berlin, the experimentally ob-
served turbulence formation in the nov-
el class of active fluids was successfully 
described, and motion in such fluids 
was controlled.

Swarming bacteria can determine the 
motion of the entire suspension with 
their flagella. These active fluids are 
therefore not driven macroscopically in 
the form of external gradients, but on the 
microscopic scale of the active particles. 
Active fluids thus open up an intriguing 
new field of physics, far away from ther-
modynamic equilibrium.

In bacterial suspensions, turbu-
lence-like dynamics called meso-scale 
turbulence can build up. At PTB, it was 
shown that this turbulence corresponds 
to a disordered dynamic vortex lattice 
with a typical mean spacing between 
neighboring vortices.

What is interesting for future applica-
tions is not only the correct theoretical 
description of this class of novel fluids, 
but also the possibility of controlling 
the collective motion. This was achieved 
in collaboration with TU Berlin within 
the scope of the Collaborative Research 
Center 910, “Controlling Self-Organized 
Systems”. In an experiment conduct-

ed by the Argonne National Laboratory 
with bacterial suspensions, periodically 
arranged obstacles 
(“pillars”) were gen-
erated on a glass 
plate. These pillars 
caused the stabiliza-
tion of a nearly per-
fect square vortex 
lattice. This observa-
tion was successful-
ly reproduced with 
a new theoretical 
description. One of 
the challenges here-
by was the deriva-
tion of the correct 
boundary condi-
tions around the pil-
lars. Moreover, the 
model allowed us to 
predict that stable 
vortex lattices with 
a different symmetry 
(e.g. hexagonal) are also feasible if appro-
priately sized pillars are used. A so-called 
Kagome lattice with a circular flow then 
forms. In analogy to solid-state physics, 
one can talk about a topological active 
fluid in this case. The simulations have 
confirmed that stabilization only takes 
place if the obstacle lattice has a spatial 
period in the range of the characteristic 
length scale of the meso-scale turbulence.

This shows how turbulence in active 
fluids can be controlled and transformed 
into a regular motional pattern. The for-
mation of undesired biofilms could thus 

Contact
Sebastian Heidenreich 
Department 8.4
Mathematical Modelling and Data 
Analysis
Phone: +49 30 3481-7726
sebastian.heidenreich@ptb.de

Scientific publication
H. Reinken, D. Nishiguchi, S. Heiden- 
reich, A. Sokolov, M. Bär, S. H. L. Klapp,  
I. S. Aranson: Organizing bacterial vor-
tex lattices by periodic obstacle arrays. 
Commun. Phys. 3 (2020) 

be hampered by using specific nano-
structured surfaces. ■

Long-term measurement of the Sr  
transition frequency
Measurements with caesium fountain clocks also set new limits for fundamental tests

Especially interesting for
• fundamental research
• the redefinition of the SI unit second

Optical clocks such as the strontium 
lattice clock are used for the secondary 
realization of the SI unit second and are 
now being envisaged as potential candi-
dates for the redefinition of the unit of 

time. To ensure a seamless transition, 
it is necessary to know the strontium 
transition frequency in the present sys-
tem, which is determined by caesium 
atomic clocks. The two types of clocks 

Stabilized square vortex lattice (L: lattice constant of periodically arranged 
pillars; ROI: region of interest in which the vortex statistics in the experi-
ment was compared to theoretical predictions)
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were compared from 2017 to 2019. This 
comparison now allows this frequency 
to be determined in relative units with 
a record uncertainty of only 1.5 × 10–16. 
These data have yielded limits for a drift 
over time of the proton-to-electron 
mass ratio and a possible coupling to 
the gravitational potential of the sun.

New atomic clocks are constantly be-
ing developed worldwide for the future 
redefinition of the second, the SI unit of 
time. By using an optical transition, these 
clocks allow greater accuracy than caesi-
um atomic clocks with their microwave 
transition. Today, some of these optical 
transitions are already used for the sec-
ondary realization of the unit second. By 
comparing the transition frequencies of 
these optical clocks at different institutes, 
it is possible to check their consistency, 
which is an important step towards val-
idating them. The International Com-
mittee for Weights and Measures (CIPM) 
compiles all data available worldwide at 
regular intervals to check their consisten-
cy. Based on these findings, the frequen-
cies of the secondary realizations with 
their uncertainties are then redefined. 
Due to their low uncertainty, PTB’s latest 
frequency measurements will consider-
ably contribute to this redefinition. Due 
to the length of the dataset, statistical 
contributions to the measurement un-
certainty hardly play any role anymore. 
This measurement uncertainty is lim-
ited by the systematic uncertainties of 
PTB’s caesium fountain clocks, which are 
among the most accurate in the world. 

The frequency value observed is in very 
good agreement with earlier measure-
ments performed at PTB and with the 
recommended transition frequency of the 
strontium transition.

In combination with results of other 
research groups, these new measure-
ments were also used to test Einstein’s 
equivalence principle accord-
ing to which atomic transition 
frequencies are independent of 
position and velocity. Since cae-
sium and strontium clocks, with 
their atomic transitions in the 
microwave and the optical fre-
quency ranges, respectively, are 
based on very different physical 
systems, a change in the fre-
quency ratio of the two clocks 
could suggest a violation of the 
equivalence principle.

The frequency data were in-
vestigated as regards a drift over 
time and an annual modula-
tion – where the latter could be 
caused by the annual modula-
tion of the sun’s gravitational 
potential on Earth possibly in-

fluencing atomic parameters. The analysis 
of the new measurement data showed that 
there is a stricter limit for the coupling 
of the proton-to-electron mass ratio to 
a gravitational potential. Moreover, this 
analysis confirms the previously deter-
mined limits for a drift over time of this 
mass ratio. ■
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Scientific publication
R. Schwarz, S. Dörscher, A. Al-Masoudi,  
E. Benkler, T. Legero, U.  Sterr, S. Weyers,  
J. Rahm, B. Lipphardt, C. Lisdat: Long 
term measurement of the 87Sr clock fre-
quency at the limit of primary Cs clocks, 
Phys. Rev. Research 2, 033242 (2020)

Tool for radionuclide metrology
Enhanced activity measurements by determining fundamental nuclide data

Especially interesting for
• radionuclide metrology
• highest-resolution spectrometry
• neutrino physics
• nuclear medicine

Emission spectra of radionuclides can 
be measured with metallic magnetic 
calorimeters (MMCs). An MMC spec-
trometer was set up at PTB which allows 
fundamental radionuclide data to be 

determined with previously unachieved 
accuracy. These data are of paramount 
importance as input quantities for cer-
tain activity determination methods for 
the unit becquerel to be disseminated 
with smaller uncertainties in the form 
of activity standards. But the data are 
also important for other areas such as 
neutrino physics or nuclear medicine.

Over the past 15 years, low-tempera-
ture detectors have experienced a huge 
technological upswing, and more and 

more new application fields have opened 
up. In this context, metallic magnetic 
(MMC) detectors are particularly in-
teresting for metrological applications. 
Such detectors have significantly been 
developed at Heidelberg University. They 
will be increasingly gaining importance 
in spectrometric applications. These de-
tectors offer excellent energy resolution 
while simultaneously providing high de-
tection probability, high linearity and a 
low energy threshold.

One of PTB’s tasks consists in dissem-

Transition frequencies of PTB’s strontium lattice clock 
measured from 2010 to 2019. The black bars and gray arrays 
indicate the transition frequency and uncertainty for the 
Sr transition as a secondary realization of the unit second 
recommended by the CIPM at the time of the respective 
measurement.
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inating the unit becquerel in the form of 
activity standards. To determine activity, 
elaborate measurement procedures such 
as liquid scintillation counting are often 
necessary. Such methods require fun-
damental radionuclide input data such 
as the beta spectra and electron capture 
probabilities. Such data may have been 
measured or computed decades ago, but 
these “historic data” no longer live up to 
today’s accuracy requirements, which has 
impacts on the measurement uncertainty 
of the activity determination.

Within the scope of the EMPIR Metro-
Beta and MetroMMC projects, an MMC 
spectrometer was set up at PTB. The aim 
was to radically improve activity mea-
surements by determining fundamen-
tal nuclide data in collaboration with a 
large number of European partners. This 
is particularly relevant to radionuclides 
whose activity can be determined mainly 
by means of liquid scintillation methods. 
Especially in the case of radionuclides 
with low-energy emissions and without a 
coincident gamma transition, much low-
er measurement uncertainties can thus 
be achieved.

The data measured by means of the 
MMC detectors are then entered into da-

tabases with evaluated nuclide data. In 
this way, they allow theoretical models 
for a more accurate computation of spec-
tra to be validated 
and improved. In 
addition, the data 
are also used by 
national metrology 
institutes for activ-
ity measurements 
at the highest level.

These enhanced 
data also benefit all 
users who calibrate 
their conventional 
detectors with the 
corresponding ac-
tivity standards of 
PTB and are thus 

enabled to perform more accurate mea-
surements themselves. ■
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Scientific publication
M. Loidl, J. Beyer, L. Bockhorn, C. Enss,  
S. Kempf, K. Kossert, R. Mariam, O. Nähle, 
M. Paulsen, P. Ranitzsch, M. Rodrigues, 
M. Schmidt: Beta spectrometry with 
metallic magnetic calorimeters in the 
framework of the European EMPIR 
project MetroBeta. Appl. Radiat. Isot. 153, 
108830 (2019)

Auditory perception of infrasonic signals
The more components an infrasound complex tone is composed of, the better it can be 
heard

Especially interesting for
• environmental and occupational 

health medical practitioners
• scientists conducting research on 

noise and the impact of noise

The growing number of infrasound 
sources in our environment is increas-
ingly attracting society’s attention. 
Together with the Otto von Guericke 
University Magdeburg, PTB has in-
vestigated how humans perceive infra-
sound with their ears and whether the 
detection threshold of an infrasonic sig-
nal depends on whether it is composed 
of one or of several tones. This allows 
conclusions to be drawn as to the per-
ception of complex signals such as those 
we encounter in our real environment. 
These investigations revealed that the 

detection threshold is not determined 
by a dominant component within the 
complex tone, but that spectral integra-
tion takes place in the auditory system.

Infrasound may be below the conven-
tional frequency range of audible sound 
(20 Hz to 20 kHz), but several studies have 
demonstrated that sound may be per-
ceived down to 2 Hz. Such psychoacous-
tic measurements are usually performed 
with single tones. No direct conclusions 
can be drawn from such measurements as 
to the actual perception of complex sig-
nals with more than one infrasound fre-
quency component – as is the case with 
real environmental noises. Together with 
the Department of Experimental Audiol-
ogy at the Otto von Guericke University 
Magdeburg, PTB, in the project titled 
“Infrasound and its relevance for audible 

sound”, has dealt with issues such as the 
question as to what effect the number of 
infrasound components has on the detec-
tion threshold. The project is funded by 
the Deutsche Forschungsgemeinschaft 
(DFG – German Research Foundation).

Since the perception of infrasound 
only begins at very high sound pressure 
levels, such investigations require a cor-
respondingly efficient playback system. 
Here, the challenge consists in generat-
ing the required sound pressure levels 
without audible distortion. Such a system 
was developed within the scope of the 
above-mentioned project and based on 
commercially available electrodynamic 
earphone transducers. This system allows 
several infrasound tones to be present-
ed at the same time in the ear canal by 
means of an insert-earphone system.

With this system, PTB investigated 

Comparison between the energy resolution of different detector systems 
(schematically for the K-X-rays of 59Co) (NaI: scintillation detector; Si(Li): 
semiconductor spectrometer)
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whether one of the mechanisms known 
from the conventional frequency range of 
audible sound can explain the detection 
thresholds of complex tones consisting of 
two and three different infrasound com-
ponents, respectively. The results have 
shown that the detection threshold is not 
determined by a dominant component 
within the signal. The threshold drops a 
little further with every additional com-
ponent, namely to the same extent as 
would be expected if the intensity of the 
components were integrated. The more 
components an infrasound complex tone 
has, the better it can therefore be heard.

Further investigations with a larger da-
tabase and much more complex signals 
are planned in order to better understand 
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Scientific publication
B. Friedrich, H. Joost, T. Fedtke, J. L. Ver-
hey: Spectral integration of infrasound 
at threshold. JASA 147, EL259–EL263 
(2020)

Semiconductor sensors with high UV  
responsivity
New photodiode made of black silicon achieves quantum efficiency of more than 
130 % in the UV range

Especially interesting for
• spectroscopy
• biotechnologies
• industrial process control

Photodiodes for the ultraviolet (UV) 
spectral range are used in a large number 
of applications such as spectroscopy, im-
aging, flame detection, water treatment 
and biotechnologies. So far, loss process-
es have considerably limited their re-
sponsivity. A novel photodiode allowed 
the quantum efficiency to increase from 
roughly 80 % to more than 130 %.

The semiconductor sensors that are 
available on the market have only a very 
limited UV responsivity. Even the best 
UV photodiodes have a quantum efficien-
cy of less than 80 % in the spectral range 
between 200  nm and 300  nm. In this 
context, the external quantum efficiency 
is always considered, i.e. the number of 
charge carrier pairs detected per photon. 
Scientists from Finland, Spain and Ger-
many have now succeeded in developing 
a novel silicon photodiode which achieves 
a quantum efficiency of over 130 % in the 
UV range. PTB was able to validate these 
high responsivities metrologically with 
its capabilities in UV detector radiome-
try for precise and traceable radiometric 

measurements.
The UV responsivity of a photodiode is 

limited by two fundamental technolog-
ical hurdles: on the one hand, the high 
reflection losses of the incident radi-
ation directly at the surface, and on 
the other hand, the near-surface re-
combination of the generated charge 
carriers. The first hurdle was nego-
tiated by means of a nanostructured 
surface with a columnar and conical 
morphology which displays very low 
reflectivity. The surface which, in the 
case of conventional silicon, usually 
shimmers in a blueish way, now ap-
pears black. Due to the nanostruc-
turing, the surface recombination rate 
could have been expected to have in-
creased. However, the rate of recombina-
tion could be reduced by passivating the 
surface by means of Al2O3. And thus, the 
second hurdle was also negotiated. Fur-
thermore, the surface charge remaining 
in the Al2O3 layer induces a pn junction 
in the silicon. Due to this, an addition of 
dopants to create a pn junction, which 
is necessary for a photodiode, can be 
avoided. This also contributes to the high 
quantum efficiency.

The experiences and findings gained in 
this way suggest that the quantum efficien-
cy of photodiodes of black silicon (b-Si) 
could even be further enhanced. The com-

bination of surface nanostructure and of 
the pn junction induced by surface passiv-
ation can, in the long run, also be applied 
to other semiconducting materials. ■
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Scientific publication
M. Garin, J. Heinonen, L. Werner,  
T. P. Pasanen, V. Vähänissi, A. Haara- 
hiltunen, M. A. Juntunen, H. Savin: 
Black-silicon ultraviolet photodiodes 
achieve external quantum efficiency 
above 130 %. Phys. Rev. Lett. 125, 
117702 (2020)

this mechanism as well as its limita-
tions. ■

The infrasound playback system consists of two 
sound generators (earphone transducers in an 
air-tight metallic housing). Sound is guided to a 
joint insert earphone via a flexible tube.

Electron microscope image of the columnar nanostruc-
tures on the silicon surface of the photodiode  
(Source: T. Pasanen/Aalto Univ.)
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Reference objects with extremely sharp 
edges

Especially interesting for
• calibration laboratories
• manufacturers of stylus tips

con-on-silicon compound. These stan-
dards may vary in terms of the width 
of their grooves and the sharpness of 

their edges and may also have vertical 
flanks and flat bases. The first example 
of an application using these standards 
is to examine stylus tips in accordance 
with standards in order to measure their 
roughness by means of tactile proce-
dures. (Technology Offer 496) ■

Advantages
• generating sharp edges
• grooves with a high aspect ratio and 

a flat base
• implementation conforming to  

standards

PTB has developed a new procedure for 
dimensional metrology. This procedure 
is suited to manufacture standards with 
deep grooves and sharp edges. Using 
an anisotropic etching process, a <111> 
wafer is applied as a second silicon lay-
er underneath a silicon wafer with a 
<110> crystal orientation designed to 
serve as an etch-stop layer. By means 
of a lithographic process, it is possible 
to produce test standards from this sili-

Magneto-optical Fresnel atomic trap
Especially interesting for
• manufacturers of quantum sensors 
with cold atoms

A magneto-optical trap (MOT) aims to 
reliably capture and cool down atoms by 
means of laser light. In PTB’s new design, 
a nearly planar structure is combined with 
an achromatic operating principle. By 
periodically folding back the mirror on a 
plane (analogously to the principle of the 

Fresnel lens), it becomes possible to ob-
serve the trap volume from all sides. The 
surface has a sawtooth-like structure in 
the millimeter range. Due to its planarity, 
the trap can even be positioned outside a 
vacuum chamber for easier adjustment. 
(Technology Offer 514) ■

Advantages
• free radial optical access
• low-cost manufacturing
• completely achromatic optical path

Electro-optic AC-DC transfer
Especially interesting for
• calibration laboratories
• manufacturers of AC-DC transfer 
measuring instruments

The transfer from AC to DC voltage has so 
far been effected by means of thermal con-
verters. At higher voltages, this procedure 
is, however, prone to considerable power 
dissipation. PTB’s new concept is based on 
a measuring instrument that realizes this 
AC-DC transfer electro-optically via the 
Pockels effect. This consists in observing 

the rotation of the polarization plane of 
a laser beam while it is passing through 
a crystal to which the AC voltage to be 
measured has been applied. To detect the 
process, the implementation chosen is 
scalable from low to high voltages, shows 
almost negligible power dissipation and 
allows measurements also at high fre-
quencies. (Technology Offer 515) ■

Advantages
• lower power dissipation
• small frequency dependence
• good long-term stability

Micro-component made from a silicon wafer 
compound

Fresnel reflector of 25.4 mm in di-
ameter in a stainless-steel holder

Test setup of the electro-optic measuring 
instrument for AC-DC transfer
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MISCELLANEOUS

Awards

Joachim Ullrich
The President of PTB has 
received the highest honor 
of the German Physical So-
ciety (DPG) for experimen-
tal physics: the Stern-Ger-
lach Medal. Furthermore, 
Prof. Dr. Ullrich will 
become the President of the DPG starting in 
April 2022 after his retirement from PTB.

Michael Rinker
Michael Rinker, a staff 
member of Department 1.5, 
Liquid Flow, has received 
an “OIML Letter of Appre-
ciation” which honors his 
outstanding work in OIML 
TC 8/SC 3 and in the field 
of measuring systems for liquids other than 
water.

Martin Thedens
Martin Thedens, a staff 
member of Department 3.7, 
Fundamentals of Explosion 
Protection, has been the 
chairperson of the IEC TC 
31 “Equipment for Explo-
sive Atmospheres” stan-
dardization committee since 1 August 2020.

Stefanie Kroker
Stefanie Kroker, head of 
the junior research group 
Metrology for Functional 
Nanosystems, has received 
a prize for junior scientists 
which is endowed with 
20,000 euros. 

Laura Dreissen
Laura Dreissen, a staff 
member of the QUEST In-
stitute at PTB, has received 
a research scholarship from 
the Humboldt Foundation. 

Technology Transfer Prize

The project “Die rundesten Kugeln der Welt – 
der deutsche Mittelstand und die PTB Hand 
in Hand” (The roundest spheres in the world 
– German SMEs and PTB working hand in 
hand) was awarded the Seifriz Prize which is 

awarded to projects in all of Germany by the 
Technologietransfer Handwerk e.V. associa-
tion in Baden-Württemberg. Together with 
the Häfner Gewichte GmbH (in Oberrot) 
and J. Hauser GmbH & Co. KG (in Solms), 
PTB has found a way to manufacture silicon 
spheres for use as a highly precise reference 
for the unit kilogram for the global market 
on an industrial scale. (Contact: Frank Här-
tig, +49 531-592 2000, frank.haertig@ptb.de)

Quantum computer

The Federal State of Lower Saxony, together 
with universities and research institutes in 
Lower Saxony, aims to develop a quantum 
computer in Germany by 2025. To meet this 
challenge, the “Quantum Valley Lower Sax-
ony” association was founded in which PTB 
is participating. (Contact: Piet Schmidt,  
+49 531-592 4700, piet.schmidt@ptb.de)

Reliable data

In the GEMIMEG-II project, which is being 
funded with 12 million euros by the Federal 
Ministry for Economic Affairs and Energy 
(BMWi), PTB and 12 partners aim to develop 
reliable standards to ensure the reliable com-
munication of digital data, information and 
certificates in quality infrastructure process-
es. (Contact: Siegfried Hackel,  
+49 531-592 1017, siegfried.hackel@ptb.de) 

EUV reflectometry

PTB's close cooperation with ZEISS which 
has existed since 1998 is being extended 
until 2024. At its Berlin-Adlershof site, PTB 
will continue to expand its measurement 
capabilities: In addition to wavelengths in 
the range of 13.5 nm (EUV), microscopic 
analysis methods are arising which use short 
wavelengths for semi-conductor technology, 
and in the future, also for further technolog-
ical fields such as medical technology (“water 
windows” at 2.3 nm up to 4.4 nm). (Contact: 
Michael Kolbe, +49 30-3481 7131,  
michael.kolbe@ptb.de)

Secure “computer time”

The synchronization of clocks from connect-
ed computers and digital devices is a funda-
mental precondition for many distributed 

applications. The “Network Time Protocol” 
(NTP) which PTB also uses to disseminate 
“its” UTC(PTB) time is used especially often. 
With the participation of PTB, the IETF 
standardization committee has developed a 
standard by which the identity of the time 
server as well as the integrity and authenticity 
of the exchanged time information can be 
ensured. The “Network Time Security (NTS) 
Protocol” has already been implemented in 
different NTP applications. The NTS-enabled 
NTP server of PTB can be found at:  
ptbnts1.ptb.de. (Contact: Dieter Sibold,  
+49 531-592 8462, dieter.sibold@ptb.de) 

TerraQ 

At the new Collaborative Research Center 
“TerraQ – Relativistic and Quantum-Based 
Geodesy” which is initially being funded by 
the German Research Foundation (DFG) 
with 9.6 million euros until 2024, about 60 
scientists from the fields of geodesy and 
physics are developing fundamentally new 
measurement technology, sensors and anal-
ysis methods for measurements in space and 
on Earth. Seven research institutions, among 
them PTB, have joined the research consor-
tium under the direction of Leibniz Universi-
ty Hannover. (Contact: Christian Lisdat,  
+49 531-592 4320, christian.lisdat@ptb.de)
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