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Scientific Newsletter

No secrets

Three times a year, PTB News provides
topical information from the varied spectrum of activities of the Physikalisch-Technische Bundesanstalt (PTB) consisting of
fundamental research, legal metrology and
PTB's various activities in the service of the
economy.

Open-source hardware for medical diagnostics
Especially interesting for
• physicians, hospitals
• MRI
• companies in the field of medical
technologies
• circular economy

SCIENTIFIC NEWS

Algorithm for reconstructing
3D nanostructures

Characterizing surface structures by
means of X-ray fluorescence measurements

2020

Within the scope of an international
cooperation project, PTB is particiElectrical and mechanical measure- pating in the development of a lowments on nanomaterials
cost MRI scanner whose technological
Berkovich tips have been produced
details will all be published as openon AFM cantilevers for the first time
source hardware (OSH). The first imworldwide. These tips significantly
ages recorded by means of such OSHextend the application spectrum of
MRI scanners are now available.
PTB's picoindenter
3
MRI scanners are powerful devices in
Generating single photons
medical diagnostics. They allow nearNew light source for radiometry
4 ly all parts of the body to be examined
non-invasively. At the same time, MRI
Quantum-based impedance bridges is a low-risk technology for patients and
Realizing electrical units in the AC
has established itself as the “gold stanvoltage regime with quantum precision 5 dard” among diagnostic procedures in
many fields of application. UnfortunateTraining machine learning algoly, this is also a complex and cost-inrithms for assessing ECGs
tensive technology, so that patients are
PTB publishes largest ECG database
accessible to the public to date
6
2

often not granted immediate access to it.
To meet this challenge, PTB is taking
part in an international cooperation
project with the aim of setting up a lowcost OSH-MRI scanner and performing
a conformity assessment in accordance
with international standards. OSH
means that absolutely all of the structural design plans, electrical circuits and
software of the device are available to everyone for free and will also be released
for non-exclusive use (also commercial).
This facilitates not only replication, but
also marketing approval. From a scientific viewpoint and from the perspective
of a metrology institute such as PTB,
accurate and reliable measurements are
the main objective. An MRI scanner
measures data from the body of a patient. To date, the technologies used had
not been accessible, often making independent safety-critical analysis difficult.
With its broad developer basis, where
all individual elements are accessible to
all, an open-source approach opens up
unexpected innovation potential. It is
planned to use such a low-field OSH-
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Hardware components of an open-source low-field MRI scanner: pulse generator, high-frequency
amplifier, emitter/receiver switch with receiver pre-amplifier, excitation coil, gradient amplifier, x-, yand z-gradient coils for spatial encoding and MR magnets with field-homogenization inserts. A head
phantom serves to illustrate the dimensions. The structural design plans will be published and made
accessible to everyone for free; they will also be released for non-exclusive (even commercial) use.
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MRI scanner, among other things, to
diagnose hydrocephalus in children in
Uganda.
The OSH-MRI scanner, which was developed and built at PTB in cooperation
with Leiden University Medical Center
(LUMC), has realized its first set of measurements on phantoms. A second OSHMRI scanner built in Leiden has already
provided the first in-vivo images of the
brain and of the knee.
Besides technological developments
such as the construction of low-field MR
magnets or high-frequency electronics,
PTB is also involved in normative work on

the first OSH standard document worldwide. This is important to enable quality
control for OSH. In order to strengthen
sustainability with the focus on a circular economy, repairing and recycling of
OSH will be included in the future. EspeContact
Lukas Winter
Department 8.1
Biomedical Magnetic Resonance
Phone: + 49 30 3481-7573
lukas.winter@ptb.de

cially in the context of worldwide, publicly funded health systems, OSH offers
possibilities to cut costs, to harmonize
safety-relevant analyses, and to enhance
products that improve the quality of life
of patients all over the world. ■
Scientific publication
L. Winter, R. Pellicer-Guridi, L. Broche et
al.: Open source medical devices for
innovation, education and global health:
Case study of open source magnetic
resonance imaging. In Co-Creation (pp.
147–163). Springer, Cham. (2019)

Algorithm for reconstructing
3D nanostructures

Characterizing surface structures by means of X-ray fluorescence measurements
Especially interesting for
• the semiconductor industry
• dimensional nanometrology

Methods for the element-specific reconstruction of periodically nanostructured surfaces have been optimized at
PTB. Such surfaces are used to manufacture ultra-modern integrated circuits. Measurements have shown that
it is possible to characterize the spatial
distribution of different atoms in nanostructures by analyzing X-ray fluorescence radiation.
Within the scope of a cooperation project of PTB with the Dutch University of
Twente and the Kurchatov Institute in
Moscow, a new algorithm has been developed. This algorithm describes the
X-ray fluorescence that is emitted when
periodic 3D nanostructures are excited
under grazing incidence by means of synchrotron radiation. It has the potential to
become an efficient tool to develop and
manufacture 3D nanostructures, which
will, in turn, be used to set up integrated circuits. This algorithm exploits the
periodic structure of nanogeometry and
solves the Maxwell equations semi-analytically with an accuracy and a precision
that are equivalent to conventional simu-

lations based on the finite-element methMoreover, by making the computaod (FEM). In this way, computations of tions so much faster, it becomes possible
the light/matter interactions in layer to use statistical methods to determine
systems and of periodic nanostructures the measurement uncertainties (e.g.
become less demanding – and thus faster Monte Carlo or Bayesian methods). This
by nearly two orders of magnitude than is therefore an important element of hycorresponding FEM simulations.
brid measurement technologies that are
To characterize a 3D nanostructure, currently being developed. These techthe electrons of the
atoms forming the
structure were excited at the Berlin
electron
storage
ring BESSY II using
monochromatic
synchrotron radiation in the X-ray
range, and their
fluorescence radiation was detected
with angular resolution while the atoms were returning
to the ground state.
From the X-ray
fluorescence emitted, it was possible
to reconstruct the
spatial distribution
of the atoms – and
thus the geometry
of the nanostruc- Schematic representation of the fluorescence excitation of a nanostructure consisting of atoms of different elements (A, B, C). When excitation is
ture – in three di- effected with an X-ray beam (E ), characteristic fluorescence radiation (E ,
0
1
mensions.
E2, respectively) is emitted.
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nologies involve, for example, analyzing one and the same nanostructure by
means of different measurement methods
and combining them into one result in a
statistically consistent way. Objects can
thus be measured more accurately than
would be possible using only one individual measurement method. This will
extend and complement PTB's existing
measuring capacities in the field of nanometrology, so that future developments of
circuits made of 3D nanostructures can
be metrologically supported. ■

Contacts
Victor Soltwisch
Department 7.1
Radiometry with Synchrotron Radiation
Phone: +49 30 3481-7129
victor.soltwisch@ptb.de

Sebastian Heidenreich
Department 8.4
Mathematical Modelling
and Data Analysis
Phone: +49 30 4381-7726
sebastian.heidenreich@ptb.de

Philipp Hönicke
Department 7.2
X-ray Metrology with Synchrotron Radiation
Phone: +49 30 3481-3228
philipp.hoenicke@ptb.de

Scientific publication
K. V. Nikolaev, V. Soltwisch, P. Hönicke,
F. Scholze, J. de la Rie, S. N. Yakunin,
I. A. Makhotkin, R. W. E. van de Kruijs,
F. Bijkerk: A semi-analytical approach
for the characterization of ordered 3D
nanostructures using grazing-incidence
X-ray fluorescence. J. Synchrotron Rad.
27 (2020)

Electrical and mechanical measurements
on nanomaterials

Berkovich tips have been produced on AFM cantilevers for the first time worldwide.
These tips significantly extend the application spectrum of PTB's picoindenter
Especially interesting for
• energy generation
• medicine and biology
• environmental technologies

The novel picoindenter ‘made at PTB’
uses the tip of an atomic force microscope (AFM) as an indenter to characterize nanomaterials dimensionally
and mechanically. This indenter has
now been considerably enhanced: in the
Laboratory for Emerging Nanometrology (LENA), a focused ion beam was
used to produce pyramidal Berkovich
tips on AFM cantilevers which can also
be used in the picoindenter. Compared
to conventional, conical AFM tips, such
indenters are mechanically more stable
and allow fast dynamic measurements
in the long run as well as electrical measurements, due to their high conductivity.
Nanoindentation is an established procedure to investigate bulk materials: a
small tip of a defined geometry is pressed
into the material; based on the material's
behavior, this allows conclusions as to its
properties to be drawn.
To characterize innovative nanomate-

rials with high aspect ratios, such as col- ing extremely soft materials with elasticiumns with diameters in the nanometer ty moduli in the range of a few MPa.
range, nanoindentation is, however, not
An important prerequisite for comparasuited due to its limited depth and force ble nanomechanical measurements is the
resolution. Enhanced force sensitivity use of standardized indenters. The corcan be achieved by using atomic force responding “nanoindentation standard”,
microscopes (AFMs). AFMs, however, ISO 14577, recommends using pyramiwere originally developed to characterize dal Berkovich tips for small forces and
the topography of a sample. In particu- small indentation depths. Such tips have
lar when investigating hard materials by now been produced for the first time on
means of indentation, the indenter tip AFM cantilevers, which can also be used
tilts, which leads to problems such as high nonlinearities.
In order to fill the gap
between nanoindentation
devices and AFMs, a novel picoindenter was developed. It exhibits enhanced
sensitivity to depth for a
total indentation depth
of 10 µm. The picoindenter uses AFM tips as an
indenter to characterize
nanomaterials dimensionally and mechanically. It Berkovich tip on a silicon AFM cantilever (large image), together
the ideal dimensions of a Berkovich tip (top left) and a lateral
has already been demon- with
view of the manufactured tip (top right). The angular aperture is
strated that it is suited for (143 ± 0.5)°, which is in good agreement with the definition of
topographic measurements tips stated in the ISO standard. The effective tip height is approx.
and is thus sufficient for mechanical measurements close
on mono-atomic step 1toµm
the surface, e.g. for determining the indentation-depth-depenheight standards and for dent electromechanical behavior of nanoscale semiconducting
quantitatively characteriz- materials.
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in the picoindenter. For this purpose, the
focused ion beam of a device from the
Laboratory for Emerging Nanometrology
(LENA) was used. LENA is operated by
TU Braunschweig in collaboration with
PTB. This system is equipped with a 5-axle
precision table whose large tilt angle range
allows very small pyramidal indenter tips
to be prepared. In this way, it is possible to
manufacture not only trilateral Berkovich
tips, but also different geometries such as
quadrilateral Vickers tips.
A detailed geometrical characterization of the pyramidal tips manufactured

by means of a focused ion beam is currently being carried out using PTB's
patent-pending stylus tip test standard.
Another objective of this work is to manufacture standardized indenters on AFM
diamond tips to be able to characterize
also hard, innovative materials (such
Contact
Thomas Ahbe
Department 5.1
Surface Metrology
Phone: +49 531 592-5143
thomas.ahbe@ptb.de

as gallium nitride) mechanically. These
conductive AFM pyramidal tips can be
used to electromechanically characterize
semiconducting materials from diverse
application fields such as energy generation, medicine, biology and environmental technologies. ■
Scientific publication
Z. Li, S. Gao, U. Brand, K. Hiller, H. Wolf: A
MEMS nanoindenter with an integrated
AFM cantilever gripper for nanomechanical characterization of compliant materials. Nanotechnology 31, 305502 (2020)

Generating single photons
New light source for radiometry
Especially interesting for
• quantum technologies, quantum
radiometry, quantum physics
• single-photon sources and
detectors
• astrophysics

Single-photon sources are so-called
nonclassical light sources. In contrast
to lasers or incandescent lamps, these
sources emit light only as single quanta
(photons). Applications of such sources
are found in many areas of quantum
technologies such as quantum-based
imaging, quantum computing, quantum key distribution and quantum-enhanced optical measurements. Moreover, they are ideal for certain fields of
radiometry. A source with a particularly
high and spectrally pure photon flux has
now been developed for such applications.
Single-photon sources are interesting
in particular for the field of quantum radiometry, where very low optical powers
in the femtowatt range (fW – i.e. approx.
a billionth of the power of a laser pointer)
have to be measured with very small uncertainty.
The single photons are generated by exciting only one single atom, molecule or
ion which can emit exactly one photon
per excitation process. The next photon is
emitted only after further excitation – i.e.
after an interval of time. In principle, such
a single-photon source offers the possibility of realizing a new primary standard

for optical power as a complement to the (DBT) has recently been developed and
blackbody radiator and the synchrotron characterized. Compared to previous
radiation source. This is possible because developments in radiometry, this source
the optical power is directly related to the represents significant progress with retotal number of photons. The photon flux gard to the photon flux (1.3 million phoand the optical power can be determined tons per second), the spectral bandwidth
with very low measurement uncertainty (< 0.2 nm), and the single-photon purity,
by counting the photons and measuring which is characterized by means of the
their energy (which is given by the wave- so-called second-order correlation funclength).
tion g(2). The traceability of the optical
For a number of years, PTB has been radiant power, which can be adjusted
working intensively on developing between 37 fW and 334 fW, at a waveand metrologically characterizing sin- length of 785.6 nm, allows the direct calgle-photon sources
for use in quantum
radiometry.
This
has been done in
collaboration with
diverse European
national metrology
institutes, research
institutions
and
universities within
the scope of European metrology
research programs
such as EMPIR.
Within the scope of
the EMPIR project
titled “Single Photon Sources as New
Quantum
Standards” (SIQUST),
which is still in
progress, a sin- Schematic representation of the molecule-based single-photon source for
gle-photon source applications in quantum radiometry, for example to calibrate a single-phodetector (1, SPAD) via a reference detector (2, analog). The value of
based on the or- ton
g(2)(0) = 0.08 means there is a very small probability that two photons may
ganic dye molecule be emitted at the same time. DBT: dibenzoterrylene.
d iben z oter r ylene (© Pietro Lombardi)
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ibration of the detection efficiency of a
single-photon avalanche detector (SPAD)
by comparison with a calibrated analog
reference silicon (Si) detector (i.e. a detector generating a photocurrent). This
novel source represents a significant step
toward the establishment of a standard
single-photon source. ■

Contact
Marco A. López Ordonez
Department 4.5
Applied Radiometry
Phone: +49 531 592-4540
marco.lopez@ptb.de

Scientific publication
P. Lombardi, M. Trapuzzano, M. Colautti,
G. Margheri, I. P. Degiovanni, M. López,
S. Kück, C. Toninelli: A molecule-based
single-photon source applied in quantum radiometry. Advanced Quantum
Technologies 3, 1900083 (2019)

Quantum-based impedance bridges

Realizing electrical units in the AC voltage regime with quantum precision
Especially interesting for
• metrology institutes
• AC current and voltage measuring
technologies
• calibration laboratories
• manufacturers of high-precision
electronics

Within the scope of a European metrology research project, PTB is investigating the utilizability of novel
quantum Hall resistance standards
based on graphene for impedance metrology. The activities aim to develop
quantum-based impedance bridges to
simplify the calibration of electrical
AC voltage quantities for practice-oriented, flexible and efficient use, e.g. in
calibration laboratories or in industry.
The first measurements performed have
already shown very good reproducibility and demonstrated the new method's
potential.
Today, realizing electrical units – or
rather calibrating electrical quantities
– in the AC voltage regime (i.e. impedances) is mostly done by means of calculable, conventional artefacts or via DCAC voltage transfer based on quantum
resistance standards exploiting the quantum Hall effect. The bridges used for this
purpose are based on inductive voltage
dividers and achieve excellent measurement uncertainties in the range of only
a few parts in a billion. The use of such
bridges is, however, limited with regard
to the realizable voltage ratios, phase angles and frequencies; moreover, they are
complex and require manual operation,
thus making them accessible to experts
only.
To overcome these limitations, PTB,
together with 10 other partner insti-

tutes, is developing flexible and more great potential of this new measurement
easily automatable impedance bridges method. Further optimization of the
within the scope of a European metrol- bridge measuring technology and of the
ogy research project titled “Graphene graphene standard resistors is currently
impedance quantum standards (GIQS)”. being worked on. ■
Hereby, modern quantum voltage sources based on pulse-driven Josephson
voltage standards are used instead of
inductive voltage dividers to generate
the bridge voltages. These so-called
Josephson impedance bridges allow
the flexible and accurate realization of
AC voltages at different frequencies,
with any phase angles, and with high
stability over time. Combined with a
quantum Hall resistor, these bridges
allow nearly any random impedance
to be calibrated accurately.
The aim pursued by PTB, which
diagram (strongly simplified) of a Josephconsists in developing a quantum Hall Schematic
son impedance bridge combined with a quantum Hall
resistor made of graphene, offers even resistor (QHR). The current for the measurement
more advantages for the practice-ori- is supplied by two current sources (left and right);
is measured in a quantum-based way via two
ented use of Josephson impedance voltage
pulse-operated Josephson voltage standards (U1 and
bridges. Conventional quantum Hall U2). After aligning the bridge by adjusting the voltage
resistors made of semiconducting ratios and phase angles, the voltage measured by the
is zero; thus, the ratio of the impedances of
heterogeneous structures must typ- detector
the device under test (ZDUT) to those of the quantum
ically be operated at high magnetic Hall impedance standard (ZQHR) is equal to the ratio
fields and low temperatures, which between the two bridge voltages U1 and U2 which is
makes expensive and complex cryo- very precisely known.
genic magnetic systems and the supply with liquid helium indispensable. In
Contact
contrast to this, the particular properties
Stephan Bauer
of graphene enable use in less cost-intenDepartment 2.6
sive and more easily operable magnetic
Electrical Quantum Metrology
systems with small cooling units.
Phone: +49 531 592-2633
However, the graphene circuits used
stephan.bauer@ptb.de
for this purpose still have to be further
Scientific publication
optimized. The high accuracy of the
S. Bauer, Y. Pimsut, R. Behr, O. Kieler,
Josephson impedance bridge provides
M. Kruskopf, L. Palafox, J. Lee, J. Schurr:
ideal preconditions for these investigaAC quantum Hall resistance combined
tions. The first measurements performed
with a four-terminal pair pulse-drivat PTB on a 10 nF capacitance standard
en Josephson impedance bridge.
have already shown very good reproducAccepted for publication in IEEE Trans.
ibility of the results in the range of a few
Instrum. Meas. (2020)
parts in 108 and have thus confirmed the
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Training machine learning algorithms for
assessing ECGs
PTB publishes largest ECG database accessible to the public to date
Especially interesting for
• cardiologists
• AI experts

A database developed at PTB provides
more than 20 000 ECG images, machine-readable diagnostic findings and
comments of cardiologists. This database was prepared primarily for the
development of machine learning and
is structured into training and test sections for comparability. The database,
named PTB-XL, is publicly available at
PhysioNet.
Artificial intelligence is a huge trend
in medicine. In particular in fields such
as ECG assessment where much practice and experience are necessary, deep
learning can show great advantages. The
corresponding algorithms are capable
of recognizing patterns in the midst of
large amounts of data in a way only experienced cardiologists have been able to
do to date. They thus support physicians
in the time-consuming procedure of
checking the numerous ECG signals. To
achieve this, existing high-performance

algorithms were typically trained using
non-public datasets, so that they could
not be used by a wide part of the scientific community. On the other hand, public
datasets were previously too limited to
be used for training, especially for the
reliable evaluation of machine learning
algorithms. In addition, the evaluation
methodology has not been standardized,
so that results cannot be sufficiently compared.
The new PTB-XL database contains
21 837 ten-second ECG signals from
18 885 patients. It is thus approximately
40 times larger than the PTB Diagnostic Database which has been very widely
used to date. In the EU EMPIR project titled Medalcare, PTB is working with the
Fraunhofer Institute for Telecommunications – Heinrich-Hertz-Institut (HHI), to
compare different machine learning algorithms fusing this large dataset. The first
benchmark study in this field compares
conventional classification algorithms by
means of a number of different tasks and
clearly defined evaluation procedures.
The results have been published in IEEE
Journal of Biomedical and Health Informatics and are to be used as an incentive

for other scientists who are willing to carry on working with the database.
The dataset is available to the public at
PhysioNet: https://www.physionet.org/
content/ptb-xl ■

Contact
Tobias Schäffter
Division 8
Medical Physics and Metrological
Information Technology
Phone: +49 30 3481-7343
tobias.schaeffter@ptb.de
Publications
P. Wagner, N. Strodthoff, R.-D. Bousseljot, D. Kreiseler, F. I. Lunze, W. Samek,
T. Schaeffter: PTB-XL, a large publicly
available electrocardiography dataset.
Scientific Data 7, 154 (2020)
N. Strodthoff, P. Wagner, T. Schaeffter,
W. Samek: Deep Learning for ECG
Analysis: Benchmarks and Insights
from PTB-XL. IEEE Journal of Biomedical and Health Informatics 2020.
Early Access Article

Overview of the database's contents. Each entry corresponds to a row in the table from top to bottom in the chronological order. Black pixels show available
values; white pixels indicate missing values.
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Measuring even the smallest of flowrates
Especially interesting for
• testing laboratories
• manufacturers of flowmeters

To calibrate very small flowrates (< 0.1
ml/min), PTB is currently setting up
a piston system to determine the volumetric flowrate. In this system, a liquid can be applied above the seal of
the vertically moving piston with a
low vapor pressure. The uncertainties
normally inherent to this measure-

ment process due to thermal inputs are
minimized. An optical channel also
allows leakages in the system to be de-

The optical
inspection
channel (yellow)
allows the
detection of the
fluid level which
arises around
the vertical
piston (gray).

tected via the detection of the liquid's
level between two inspection windows.
(Technology Offer 499) ■

Advantages
• measuring even the smallest flowrates
• reducing thermal inputs
• detecting leakages

Communication device tracking procedure
Especially interesting for
• high-frequency technology
• telecommunications

Emitter and receiver antennas of future
communication systems in the millimeter wave band and terahertz frequency
range have to be oriented exactly towards each other to be able to communicate with each other. A new concept
elaborated by PTB plans to combine two

very high frequency omnidirectional
radio range beacons that are oriented
orthogonally to each other and are similar to those
used in terrestrial radio
nav igat ion.
The beacons
are also to
be miniaturized for this
new field of
application.

PTB is looking for a cooperation partner
in order to develop this new basic technology. (Technology Offer 510) ■

Advantages
• determining the direction between
the sender and the receiver
• broad operational frequency ranges
• various fields of application due to
small dimensions

Measuring roll angles based on fiber optics
Especially interesting for
• motion systems
• manufacturers of optical components
• surface metrology

PTB has developed a cost-efficient and
very simple procedure to measure roll
angles in high-precision translation stages in optical metrology and industrial
production. This procedure is based on
two single-mode fiber optics and a conventional image sensor and requires no
further optics. The two ends of the fiber
optics whose ends have a fixed position
to each other are located on the object
in motion. The emitted laser radiation
generates an interference pattern con-

sisting of parallel interference fringes on
the sensor surface. This surface is spacebound. In the event of a rolling motion
of the object, the interference pattern
also rolls. The rotation angle is calcu-

The two point light sources (fiber optics) are
located on the object in motion. The image
sensor registers the interference pattern whose
orientation indicates the roll angle.

lated from the interference pattern by
means of Fourier analysis. The measuring range of 360° can be covered with a
resolution of a few arc seconds (i.e. approx. 0.001°). In addition, the procedure
is insensitive to small changes in pitch
or yaw angle and to vertical or horizontal displacements along the optical axis.
(Technology Offer 513) ■

Advantages
• resolution of a few arc seconds
• easy integration
• insensitive to pitch or yaw motions

Contact person for questions about technology transfer
Andreas Barthel, Phone: +49 531 592-8307, andreas.barthel@ptb.de, www.technologietransfer.ptb.de/en
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Awards
Fabian Wolf
Fabian Wolf, a staff
member of the QUEST
Institute at PTB, was
honored with the “Carl
Zeiss Award for Young
Researchers”. With this
prize, the Ernst Abbe
Fund, a member of the
Stifterverband für die Deutsche Wissenschaft (Donors’ Association for the Promotion of Science and Humanities in Germany),
is recognizing Wolf's work on motional Fock
states for quantum-enhanced amplitude and
phase measurements with trapped ions.
Holger Großhans
Holger Großhans, a staff
member of Department
3.5, “Explosion Protection
in Energy Technology”, is
receiving 1.5 million euros
in funding through an “ERC
Starting Grant” for a five-year
project on explosion prevention during pneumatic powder transport.
The project, in which five staff members will
participate, aims to develop an open source
tool to predict, evaluate and limit electrostatic charges.

New Vice President of PTB
Dr.-Ing. Prof. h.c. Frank Härtig has been the
Vice President of PTB. He succeeded Hon.Prof. Dr. Roman Schwartz,
who held this position for six
years. As the Vice President,
Roman Schwartz had above
all the “internal affairs” of
PTB as well as legal metrology on his agenda. As the
President of the International Committee of Legal
Metrology (CIML), he will remain in close
contact with PTB in the coming years in
the international metrology network. On
1 May 2020, Roman Schwartz handed the
scepter to the mechanical engineer Frank
Härtig, who has a lot of experience with
PTB for his new tasks as well: After over ten
years of experience in industry, he joined
the “Coordinate Metrology” Department at
the end of the 1990s. In 2008, he became the
head of the department. In 2014, he took on
Roman Schwartz's position as the Head of

the “Mechanics and Acoustics” Division, and
now he has taken on his position as the Vice
President. Continuity is thus guaranteed in
all task fields. Beyond that, Mr. Härtig is also
dedicated to the challenges of tomorrow. As
a member of the Presidential Board, he is
responsible for digitalization. Here, he is able
to apply his groundbreaking experience to all
of PTB.

Hydrogen innovation laboratory
A research association made up of Leibnitz
Universität Hannover (LUH), TU Braunschweig, TU Clausthal, Jade Hochschule
Wilhelmshaven and PTB has been receiving
support from the Federal State of Lower Saxony since July 2020 initially for 15 months to
set up an innovation laboratory for hydrogen
technology. After a conceptual phase, the
most successful innovation laboratories will
be selected for a three-year implementation
phase.
(Contact: Ravi Fernandes, +49 531 592-3300,
ravi.fernandes@ptb.de)

Collaborative Research Center
extended
The German Research Foundation (Deutsche
Forschungsgemeinschaft, DFG) is extending
the Collaborative Research Center of the
Leibniz Universität Hannover and PTB, “Designed Quantum States of Matter (DQ-mat)
– generation, manipulation and detection for
metrological applications and tests of fundamental physics”, for another four years with
approximately 9.2 million euros in funding.
(Contact: Piet Schmidt, +49 531 592-4700,
piet.schmidt@quantummetrology.de)

Large European research centers are already
connected today via a fiberoptic network into
which high-precision atomic clocks introduce
laser light.
(Image: Stefan Schröder/University of Bonn)
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Ultra-precise time signals
A consortium of European National Metrology Institutes, the University of Bonn and
highly specialized companies which shall
be called “Clock Optical Network Services – Design Study” (CLONETS-DS) is to
develop a design study for a future network
for the distribution of high-precision optical
frequencies and time signals starting on 1
October. The European Union will fund the
project with 3 million euros over the next
two years.
(Contact: Harald Schnatz, +49 531 592-4300,
harald.schnatz@ptb.de)

BMZ and PTB strengthen cooperation
On behalf of the German Federal Ministry
for Economic Cooperation and Development (BMZ), PTB has been supporting the
establishment of quality infrastructure in
emerging and developing countries for about
60 years. In May 2020, BMZ and PTB ratified
a new agreement which significantly expands
PTB's task. The volume for establishing
quality infrastructure in countries partnered
with German development cooperation has
now reached a minimum of 15 million euros
per year.
(Contact: Marion Stoldt, Department 9.3,
“International Cooperation”,
+49 531 592 9300, marion.stoldt@ptb.de)
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