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Aromatic graphene 
New production method broadens the perspectives for 
the utilization of the “magical material” – many different 
forms are possible

Especially interesting for
•	electronics
•	sensor	technology
•	display	technology

Graphene, a crystal composed of only 
one layer of carbon atoms arranged in a 
regular hexagon, is regarded as a mate-
rial capable of performing miracles, in 
particular in the fields of electronics, 
sensor technology and display technol-
ogy. It is also interesting for metrology 
since it exhibits a quantum Hall effect 
which is already detectable at room tem-
perature. Only four years after the first 
successful preparation of graphene, its 
discoverers, Geim and Novoselov, were 
awarded a Nobel Prize. The original 
preparation method (flaking of single 
atomic layers of graphite) does, how-
ever, not offer a good perspective for 

To date, graphene has been produced, 
for example, by depositing carbon atoms 
from the gas phase or by thermal graphi-
tization of silicon carbide. In contrast 
to this, the cooperation project led by 
Bielefeld University and involving PTB 
and Ulm University chose to start from 
aromatic molecules. As substrates, both 
copper single-crystals and inexpensive 
polycrystalline copper foils were used. 
By irradiation with low-energy electrons 
and subsequent thermal annealing, it was 
then possible to convert a self-organized 
single-layer of the molecule biphenyl thi-
ol, which had precipitated on the copper 
surface, into graphene.

To investigate the chemical and physi-

its broad technological use. Within the 
scope of a cooperation project, PTB has 
contributed to developing a fully new 
and very flexible alternative.

Three times a year, PTB News provides 
topical information from the varied spectrum 
of activities of the Physikalisch-Technische 
Bundesanstalt (PTB) consisting of fun-
damental research, legal metrology and 
PTB's various activities in the service of the 
economy. 
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the	cover	picture	of	the	scientific	journal	“advanced	Materials”	gives	a	schematic	representation	of	the	
conversion	of	the	monolayer	of	the	complex	molecule	biphenyl	thiol	into	the	two-dimensional	graphene	
crystal	by	electron	irradiation	and	thermal	treatment.	
(fig.:	advanced	Materials	25	(2013).	copyright	wiley-Vch	Verlag	gmbh	&	co.	Kgaa.	reproduced	
with	permission.)
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Quantitative spectroscopic measure-
ments in the infrared spectral range are 
essential for the determination of the 
density distribution of trace gases and of 
temperature curves in the Earth's atmo-
sphere. Hereby, the traceability of such 
radiometric measurements to the Inter-
national Temperature Scale via Planck's 
radiation law is an indispensible basis 
to achieve the smallest measurement 
uncertainties and to render reliable 
proof of long-term tendencies. For this 
purpose, PTB has – in cooperation with 
the University of Wuppertal (Bergische 
Universität Wuppertal, BUW), For-  
schungszentrum Jülich (FZJ) and the In-
stitute of Technology, Karlsruhe (KIT) 
– traced the calibration radiators of the 
instrument for atmospheric research 
GLORIA (Gimballed Limb Observer for 
Radiance Imaging of the Atmosphere) 

Atmospheric measurements for climate  
research
By means of measurements with the atmosphere research instrument GLORIA, PTB 
ensures traceability to the International Temperature Scale

Especially interesting for
•	meteorology
•	climate	research

cal properties of the graphene manufac-
tured in this way, different characteriza-
tion methods from Ulm and Bielefeld 
Universities and from PTB were applied 
such as, for example, scanning tunnel-
ling microscopy, transmission electron 
microscopy, Raman spectroscopy as well 
as electric transport measurements at low 
temperatures and high magnetic fields. 
All these measurements confirmed that 
graphene of excellent crystalline and 
electronic quality had actually been man-
ufactured from the aromatic molecule.

The flexibility of the electron irradia-
tion, which is possible with very good 
spatial resolution, now allows graphene 
structures of basically any form to be 
manufactured, e.g. quantum dots, nano-
ribbons or other nano-geometries with 
specific functionality. The selection of the 
temperature in the thermal conversion 

step also allows the degree of crystallini-
ty and the characteristics of the graphene 
depending on it to be adjusted.

Additional advantages result from 
the versatility of the method of self-
organized coating. It can be performed 
with different aromatic molecules which 
could, for example, also contain doping 
atoms for electronic doping of the final 
product. Applied in multiple layers, so-
called bi-layer or multi-layer graphene 
could be manufactured, whose changed 
electronic band structure would expand 
the potential applications of single-layer 
graphene. Likewise, other substrates 
than the copper used here (for example, 
other metals, semiconductors, isolators) 
could be used. In addition, it should also 
be possible to manufacture graphene on 
any three-dimensional surfaces, as mo-
lecular self-organization also takes place 

Contact
Franz Josef Ahlers
Department 2.6 Electrical Quantum 
Metrology
Phone: +49 (0)531 592-2600, 
E-mail: franz.ahlers@ptb.de

Scientific publication
D. G. Matei, N.-E. Weber, S. Kurasch,  
S. Wundrack, M. Woszczyna, M. 
Grothe, T. Weimann, F.-J. Ahlers, R. 
Stosch, U. Kaiser, A. Turchanin: Func-
tional single-layer graphene sheets 
from aromatic monolayers. Advanced 
Materials, 25, 4146–4151 (2013)

on curved surfaces. The new production 
method considerably broadens the per-
spectives for the utilization of the “magi-
cal material”. 

GLORIA is an airborne infrared Fouri-
er spectrometer combined with a spatial-
ly resolving infrared detector which can 
perform more than 16,000 spatially and 
spectrally resolved atmospheric observa-
tions at the same time. By means of limb 
sounding, the instrument 
generates 3-dimensional im-
ages of the atmosphere in the 
spectral range from 7  µm to 
13  µm with a resolution un-
achieved so far. Of particular 
interest is the dynamic tran-
sition region between the 
Upper Troposphere and the 
Lower Stratosphere (UTLS 
region) at a height of approx. 
10  km to 15  km which is 
highly relevant to the climate 
on Earth.

For the regularly repeated 
in-flight calibration sequenc-

back to the radiation temperature scale 
of PTB with measurement uncertainties 
of smaller than 100 mK.

es of GLORIA, the BUW has developed 
large-area black-body radiators which 
– due to an innovative surface struc-
ture – exhibit an extreme blackness and 
a very good isothermy and, thus, pro-
vide, during the flight, black-body radia-
tion of defined temperature in very good 
approximation. To meet the very high 
requirements for the knowledge of the 
radiation temperature of these reference 

the	infrared	fourier	spectrometer	gloria	which	performs	–	
mounted	on	the	body	of	a	research	aircraft	–	measurements	of	
particle	densities	and	temperatures	in	the	earth's	atmosphere	
(source:	Zat;	fZ	Jülich)
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Contact
Jörg Hollandt
Department 7.3 Detector Radiometry 
and Radiation Thermometry
Phone: +49 (0)30 3481-7369
E-mail: joerg.hollandt@ptb.de

Scientific publication
C. Monte, B. Gutschwager,  
A. Adibekyan, M. Kehrt, A. Ebersoldt,  
F. Olschewski, J. Hollandt: Radiometric 
calibration of the in-flight blackbody 
calibration system of the GLORIA 
interferometer. Atmos. Meas. Tech. 
Discuss., 6, 1–45 (2013) 

the armed forces. The simulation of the 
wave propagation, which is usually relied 
upon in these fields, requires numerous 
assumptions which could to date not be 
verified by measurements. Hence, inter-
actions with wind farms cannot be as-
sessed with sufficient reliability. The new 
measuring system developed by PTB and 
FCS Flight Calibration Services GmbH 
can provide the underlying data for sim-
ulation models and, thus, help experts 
establish more reliable predictions for the 
authorities issuing the authorizations.

The innovative approach provided 
by this project (WERAN – German ac-
ronym for “Interaction between wind 
farms and radar/navigation”) consists in 
dividing the complex assessment of the 
disturbances caused to radars by wind 
farms into metrologically detectable in-
termediate steps and in comparing only 
compatible quantities from numerical 
simulations and measurements with each 
other. The project is funded by the Fed-
eral Ministry for the Environment, Na-
ture Conservation, Building and Nuclear 
Safety (BMU). PTB's research partners 
are the enterprises FCS and steep GmbH 
as well as the Leibniz Universität Han-
nover.

The measuring system consists of a 

Wind farms and radar
PTB's new field-strength measuring system is to predict possible interferences in the 
coexistence of wind farms and radar facilities

Especially interesting for
•	air-traffic	control,	meteorology,	
armed	forces

•	operators	of	wind	farms
•	regulatory	authorities

In connection with the “Energiewende” 
(energy transition), an increasing number 
of wind farms are being built. However, 
the radar waves that are scattered up by 
their rotor blades can considerably inter-
fere with the radar monitoring activities 
of meteorologists, air-traffic control and 

A new measuring system can, hang-
ing from a helicopter, detect the elec-
tric field strength as well as the signal 
contents of air-traffic control and ter-
restrial navigation systems with un-
precedented accuracy. As an extended 
measuring device, it will be able to ac-
quire measurement data which can be 
used already in the planning phase of 
wind farms to find out to what extent 
the planned wind farms would influ-
ence the measured data and the subse-
quent signal processing of neighbour-
ing radar facilities used for air-traffic 
control, aerial defence or meteorologi-
cal observations.

radiators, these were extensively charac-
terized and calibrated by radiometry at 
the Reduced Background Calibration Fa-
cility (RBCF) of PTB. The RBCF is a mea-
suring facility which is unique in Europe 
and which has been developed especially 
for the calibration of instruments for re-
mote sensing of the Earth in the infrared 
spectral range under conditions which 
come close to the conditions during ap-
plication.

GLORIA has already carried out first 
measurement flights on the Russian 
high-altitude research aircraft Geo-
physica during the ESA measurement 
campaign ESSenCe and on the Ger-
man research aircraft HALO during the 
TACS/ESMVal campaign in which the 
instrument could demonstrate its func-
tion and calibration. Further flights, in 

particular on HALO, for which GLORIA 
has been developed, will follow. To ob-
serve possible changes in the radiation 
temperatures of the reference radiators, 
the radiators were calibrated at the RBCF 
each time before and after the respective 
aircraft campaigns.

It is planned to continue the successful 
cooperation to obtain – for this impor-
tant region of the atmosphere – high-
precision data which are relevant to the 
climate and which have been traced 
back permanently to the Internation-
al Temperature Scale. The experience 
gained by the BUW and by PTB on the 
aircraft-borne reference radiators is in-
tended, among other things, to be taken 
into account also for the development of 
calibration radiators for a balloon-borne 
GLORIA instrument and, thus, also 

serves as a test for a subsequent satellite-
borne version of the Fourier spectro-  
meter. 

reference antenna and a receiving facil-
ity. In the design used to date, it hangs 
down from a helicopter and can measure 
the electromagnetic field strength at any 
random location in space and synchro-
nously save the measured data as well as 
the exact position with a very high sam-
pling rate. Successful tests have already 
demonstrated that this system measures 
the electromagnetic far field which is 

the	octocopter	follows	a	pre-defined	route	by	
means	of	gPS	way	points.	the	autonomous	
measuring	probe	which	is	mounted	on	the	
octocopter	is	equipped	with	three	orthogonal	
antennas,	and	with	its	own	gPS	receiver.	the	in-
tegrated	microprocessor	processes	the	data	flow	
of	the	three-channel	hf	receiver	as	well	as	the	
gPS	position,	records	these	data	synchronously	
and	provides	them	with	a	timestamp.	the	mea-
sured	data	can	be	evaluated	at	any	subsequent	
moment.	(Photo:	PtB)
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structures encountered, 
however, differ qualita-
tively from those found 
in usual turbulence due 
to the fact that eddies oc-
cur with a characteristic 
size. For the simulations, a 
pseudospectral algorithm 
with anti-aliasing was 
developed at PTB which 
converts the partial dif-
ferential equations into a 
system of conventional, 
non-linear differential 
equations. This was solved 
by means of an operator-
splitting method which 
treats the linear part ex-
actly. The flow field of the 
bacteria was recorded for 
1  min for each measure-
ment, whereas the corre-
sponding simulation on 
PTB's computer cluster 
took several days.

In this way, it was possible for the first 
time to compare a model of the turbu-
lence in a bacterial suspension directly 
with experimental data and model pa-
rameters. With the aid of the new model, 

An active fluid behaves surprisingly 
differently from a usual liquid: where the 
latter exhibits a laminar flow (i.e. flows 
without any disturbance), chaotic cur-
rents and eddies appear in the bacterial 
suspension, i.e. the flow dynamics is to-
tally different. Whereas a conventional 
fluid is moved by external influences, in 
the case of a bacterial fluid, the propul-
sion comes from deep within the bacte-
rial fluid itself, namely from the bacteria's 
flagella.

To model such a fluid, the Navier-
Stokes equation was extended by an in-
stability which is known from the pattern 
formation. The equation then describes 
flow patterns where there is no external 
propulsion. In a detailed turbulence anal-
ysis, direct numerical simulations were 
compared with flow structures from the 
experiments performed in Cambridge 
with bacillus subtilis bacteria. Although 
the suggested equation has a relatively 
simple structure, the results are in very 
good quantitative agreement. The chaotic 

Contact
Sebastian Heidenreich
Department 8.4 Mathematical  
Modelling and Data Analysis 
Phone: +49 (0)30 3481-7726
E-mail: sebastian.heidenreich@ptb.de

Scientific publication
J. Dunkel, S. Heidenreich, K.  Drescher,  
H. H. Wensink, M. Bär, R. E. Goldstein: 
Fluid dynamics of bacterial turbulence. 
Phys. Rev. Lett. 110, 228102 (2013)

An active fluid consists of a large quan-
tity of microswimmers (e.g. bacteria) 
which move in the water. Such a fluid 
exhibits a very specific flow behaviour. 
PTB, together with Cambridge Univer-
sity, UK, has developed a theoretical 
model which can calculate such move-
ments.

Modelling active fluids
Simulation of the dynamics of bacterial suspensions

Especially interesting for
•	fundamental	research
•	materials	sciences

Contact
Thorsten Schrader
Department 2.2 High Frequency and 
Electromagnetic Fields 
Phone: +49 (0)531 592-2200
E-mail: thorsten.schrader@ptb.de

Scientific publication 
J. Bredemeyer, T. Schrader,  
T. Kleine-Ostmann, H. Garbe: Quasi-
stationary signal-in-space measurements 
using traceable antennas. Proceedings  
of 17th International Flight Inspection  
Symposium IFIS (2012)

necessary for a flawless signal transmis-
sion (e.g. between an instrument landing 
system and an aircraft) as precisely as 
required by the International Civil Avia-
tion Organization (ICAO). These valida-
tion measurements are traceable to the 
International System of Units (SI), which 
ensures its comparability.

As the latest development, the measur-
ing system was miniaturized and mount-
ed onto an octocopter of approx. 80 cm in 
width. On such aerial vehicles, the system 

also physical quantities which are diffi-
cult to measure – such as, e.g., elasticity 
or anisotropic viscosity of the active fluid 
– can be determined. 

can be used at places where wind farms 
already exist or where they are planned 
in order to acquire data with regard to 

the field strength and to modified signal 
contents at any selected coordinates over 
longer periods. 

Velocity	field	of	the	active	fluid	represented	as	a	two-dimensional	
view	of	a	three-dimensional	volume.	the	colour	coding	shows	the	
strength	and	direction	of	the	eddies.
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Contact
Gaoliang Dai
Department 5.2 Dimensional Nano-
metrology
Phone: +49 (0)531 592-5127
E-mail: gaoliang.dai@ptb.de

Scientific publication
G. Dai, M. Heidelmann, Chr. Kübel,  
R. Prang, J. Flügge, H. Bosse: Refer-
ence nano-dimensional metrology 
by scanning transmission electron 
microscopy. Meas. Sci. Technol. 24, 
085001 (2013)

the width of a feature 
on the cross-section 
polish of line struc-
tures by using the 
atomic spacing in 
the feature as an in-
ternal rule. In this 
way, the CD can be 
directly linked to 
the atomic spacing 
in the crystal lattice, 
which can be trace-
ably calibrated by 
a combined optical 
and x-ray interfer-
ometer. For instance, the lattice spac-
ing d111, i.e. the distance between the 
(111) crystal planes of the material sili-
con 28Si, was determined precisely to 
(0.31356011 ± 0.00000017) nm.

Prior to the TEM measurement, two 
structures on the wafer are measured 
precisely with the AFM. After that, one 
of the features is carefully detached and 
then thinned down to less than 100 nm 
by means of a focused ion beam (FIB) for 
the TEM measurements. The disadvan-
tage is that this area of the sample is no 
longer available for further CD measure-
ments. The TEM measurements, howev-
er, allow inherent systematic errors of the 
AFM method such as, e.g., the probe di-
ameter, to be detected and corrected. As a 
result, reference CD values can finally be 
determined on the intact structure with 
an estimated combined standard mea-
surement uncertainty of 0.81  nm. This 
has been confirmed by five investigations 
of the CD of a reference structure which 
were carried out independently of each 
other on different TEMs. In addition, the 
new reference method has been success-
fully used to measure different structure 
characteristics of an EUV (extreme ultra-

New method for the measurement of  
structure widths with atomic resolution
Calibrating accurately and traceably using a combination of a transmission  
electron microscope and an atomic force microscope

Especially interesting for
•	the	semiconductor	industry
•	micro-	and	nano-metrology

With a reference method developed 
at PTB, the dimensions of nanostruc-
tures (e.g. on semiconductor chips) can 
be measured with high accuracy. This 
method is a combination of measure-
ments with a highly accurate atomic 
force microscope and with a transmis-
sion electron microscope performing 
measurements with atomic resolution.

The term “critical dimensions” (CD) is 
often used synonymously for “structure 
width”. CD metrology plays an essential 
role in process control in the semiconduc-
tor industry for ensuring reliable manu-
facturing of micro- and nano-structures 
on silicon wafers and photomasks. Due 
to the progressive miniaturization in the 
fabrication process (today down to struc-
ture widths of 22 nm), the requirements 
placed on the measurement uncertainties 
of CD metrology down to the sub-nano-
metre range are becoming ever more 
demanding. Therefore, industry has an 
urgent need for exact and traceable CD 
reference measurement procedures in or-
der to verify and characterize the diverse 
CD measuring instruments used in the 
production lines of the semiconductor 
industry such as, e.g., optical scatterom-
eters.

The new reference method combines 
two technologies: transmission electron 
microscopy (TEM) and atomic force mi-
croscopy (AFM). An aberration-correct-
ed, high-resolution TEM is capable of 
measuring nano-structures on thin, sin-
gle-crystal layers with atomic resolution. 
It offers the best accuracies in calibrating 

violet light) photomask. With these re-
sults, measurements carried out by means 
of synchrotron radiation at PTB's EUV 
scatterometer were confirmed. Integrat-
ing the combination of FIB and TEM to 
obtain a more accurate traceability will, 
furthermore, be a subject at the nano-lab 
LENA which is currently being set up at 
the Technische Universität Braunschweig 
in cooperation with PTB. 

3D	representation	of	a	cD	afM	image,	measured	on	a	group	of	5	fea-
tures.
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Measuring height by connecting clocks
High-precision transport of frequencies over almost 2,000 km

How far above sea level is a place lo-
cated? And where exactly is “sea level”? 
One of the objectives of the geodesists is 
to answer this question with 1 cm accu-
racy. Conventional measurement pro-
cedures or GPS technologies via satel-
lites, however, have reached their limits 
here. Now, optical atomic clocks offer a 
new approach, because the tick rate of a 
clock is influenced by gravity. This well-
known, but tiny effect was measured by 
means of optical clocks a few years ago; 
these were, however, located at the same 
institute. Now, also up to 2,000 km may 
lie between them. This has been dem-
onstrated by a cooperation between 
scientists of PTB and of the Max Planck 
Institute of Quantum Optics (MPQ) in 
Garching.

Especially interesting for
•	geodesy
•	fundamental	research

“Sea level”, in Germany, refers to the 
North Sea and differs by 27 cm from the 
sea level used in Switzerland, since the 
latter refers to the Mediterranean Sea. 
The different reference systems have al-
ready led to errors in large-scale bridge 
construction projects. Geodesists would 
therefore like to calculate a new uniform 
“sea level” which would be based on the 
gravitational force of the Earth. They 
want to determine the so-called “geoid” 
– a computational model of the Earth 
which exhibits the same gravitational po-
tential everywhere – with such accuracy 
that it corresponds to a deviation of only 
a few centimetres. Hereby, they can rely 
on the support of the latest generation of 
optical atomic clocks. These can realize 
frequencies with such accuracy that even 
the smallest frequency deviations, which 

are caused by a height differ-
ence of a few centimetres, can 
be detected. What lies behind 
this is Einstein's general the-
ory of relativity – concretely, 
the so-called “gravitational 
red shift”: If a clock is further 
way from the Earth, i.e. if it 
is in a weaker field of grav-
ity, time actually runs a little 
faster for it. For a height dif-
ference of one metre, the rate 
(i.e. the frequency) of a clock 
changed by 1 ∙ 10–16.

Three years ago, it was 
demonstrated that a differ-
ence in height of 33 cm be-
tween two practically neigh-
bouring clocks already has a 
measurable influence on their 
frequency. Within the scope 
of the present cooperation, 
optical precision frequencies 
were sent on a 1840 km trip in 
order to measure the difference in height 
of clocks that are located far away from 
each other. This was done using com-
mercial glass-fibre networks and an inge-
nious amplification technique. Although 
the distance was twice the length of the 
previous experiment of the same kind, 
the stability was even further improved. 
The total measurement uncertainty was 
4 ∙ 10–19. This would mean a height differ-
ence of 4 mm. And this resolution was at-
tained after 100 seconds only.

In principle, optical clocks in research 
institutes which are further away can 
now be quasi-“interconnected” and used 
for all purposes for which such stable and 
well-defined frequencies are required. 
One of the first applications for basic 
research was spectroscopic investiga-
tions on hydrogen for the investigation of 
quantum-mechanical models. Geodetic 

Contact
Gesine Grosche
Department 4.3 Quantum Optics and 
Unit of Length
Phone: +49 (0)531 592-4340
E-mail: gesine.grosche@ptb.de

Scientific publication
S. Droste, F. Ozimek, Th. Udem,  
K. Predehl, T. W. Hänsch, H. Schnatz, 
G. Grosche, R. Holzwarth: Optical 
frequency transfer over a single-span 
1840 km fiber link. Phys. Rev. Lett. 111, 
110801 (2013)

issues will now be investigated in more 
depth in a special research field of PTB 
and Hannover University with Bremen 
University. This special research field has 
now been applied for. 

the	most	accurate	geoid	of	the	earth	to	date	is	based	on	
data	obtained	from	the	goce	satellite.	the	colours	point	out	
differences	in	the	gravitational	potential	and	correspond	to	
deviations	of	±	100	m	from	an	ideal	geoid.	optical	atomic	
clocks	can	now	provide	even	more	accurate	values.	(Source:	
eSa/hPf/Dlr)
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For this reason, it is not easy to attain a 
resting position or uniform displacement. 
In the development made by PTB, the line-
ar table is displaced by means of two voice 
coil drives which work in the opposite di-
rection to each other. Hereby, one electro-
magnetic actuator generates a constant pre-
tension against which the second actuator 
displaces the table. This concept allows the 
stable operation of the air stage by an ana-
logue controller. Especially the noise verti-

Based on a new mass-spectrometric me-
thod developed at PTB, doping with growth 
hormone (hGH – human growth hormone) 
could become detectable with much greater 
precision and confidence when compared to 
existing approaches. Current methods large-
ly rely on the principles of antibody-antigen 
recognition that cannot completely exclude 
false positives when it comes to molecular 
forms that are similar to the targeted growth 

Doping with growth hormone reliably  
detected by mass spectrometry

Especially interesting for
•	anti-doping	test	laboratories
•	manufacturers	of	mass	spectrometers

hormone. The pertaining risk of positively 
classifying a “non-doped” sample, simply as 
a consequence of natural serum components 
(rather than hGH) present in biological flu-

ids, can drastically be reduced with the stra-
tegy developed. The advantage of this new 
mass-spectrometry-based procedure lies in 
the unmistakeable identification of hGH (or 
its individual, naturally occuring forms) by 
the masses of characteristic fragments of 
the molecule. This is achieved thanks to the 
high resolution of modern mass spectrome-
ters, which allows even very small mass dif-
ference to be resolved reliably. 

Position-stable air bearings

Linear tab-
les equipped 
with air bea-
rings exhibit 
very low bea-
ring friction. 

The precise assembly of objects and machi-
nes at a microscopic level is permanently 
facing production with new challenges. A 
PTB patent which was granted for the ad-
justment setting of a micro-robot allows safe 
and comfortable operation by means of a 
PC-based controlling system. The high-pre-

Six-axial micro-robot

Contact person for these technology offers:
andreas	Barthel,	Phone:	+49	(0)531	592-8307,	e-mail:	andreas.barthel@ptb.de,		
internet:	www.technologietransfer.ptb.de

Especially interesting for
•	coordinate	metrology
•	roughness	measurement

Especially interesting for
•	medical,	microsystem	and	precision	
engineering	technologies

•	training	purposes

Advantages
•	 significant	improvement	of	the	detec-
tion	of	hgh	in	the	concentration	
range	from	0.1	ng/ml	to	30	ng/ml

•	 validation	of	uncertain	results	ob-
tained	by	means	of	other	methods	of	
investigation

Advantages
•	 simplified	displacement	control
•	 low	noise	<	1	nm
•	 low	heat	input

Advantages
•	 displacements	of	0.1	µm	and	rota-
tional	displacements	of	1´

•	 decoupled	axles
•	 continuous	observation	of	the	
working	space	by	means	of	fixed	
cameras

•	 good	visibility	of	the	whole	working	
space

cal to the direction of displacement is low 
(< 1 nm); this makes these tables particular-
ly well suited for applications in roughness-
measuring or form-measuring devices. 

cision mechanics perform linear displace-
ments with a resolution of 0.1 µm and rota-
tional displacements with a resolution of 1´. 
Collision of the observing cameras with the 

handling facility is, as a matter of principle, 
ruled out by the procedures. 

(Photo:	Joachim	lechner,	fotolia)
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Awards

PTB  
was presented with the Historic Site Award 
of the European Physical Society (EPS) on  
8 October. The ceremonial event took place 
at PTB's Berlin Institute, where the precursor 
of PTB, the Physikalisch-Technische Reichs-
anstalt (PTR – Imperial Physical Technical 
Institute), was founded in 1887. The PTR 
was the first large national non-university 
research facility in Germany and the first 
metrology institute in the world.

Big names in physics and important scientific 
discoveries characterized the first decades of 
the PTR at the end of the 19th and at the start 
of the 20th centuries. The then Imperial In-
stitute, whose founding fathers were Werner 
von Siemens and Hermann von Helmholtz, 
thus laid the experimental foundations of 
quantum physics with its precision mea-
surements of the radiation of a black body. 
Many other fundamental physical laws and 
effects were discovered and “measured” at 
the PTR such as, for example, the Einstein-
de-Haas effect or the Meissner-Ochsenfeld 
effect as a characteristic of superconductiv-
ity. Frequently used measuring instruments 
such as the Geiger-Müller counter were also 
developed at the PTR.
Even 126 years after its foundation, this 
metrological success story hasn't ended yet. 
Today, PTB ranks among the most renowned 
metrological institutes in the world and 
makes fundamental contributions whenever 
high-precision measurements are concerned.

News from the EMRP

Project meeting of the European Metrology 
Research Programme (EMRP) with PTB 
coordination and/or significant contribution 
of PTB (sometimes only partly public – if you 
are interested, do not hesitate to contact us).

24–26 March 2014
MATHMET 2014 – International Workshop 
on Mathematics and Statistics for Metrolo-
gy (NEW04 Uncertainty)
PTB, Berlin. Contact: Markus Bär
Phone: +49 (0)30 3481-7687
E-mail: markus.baer@ptb.de

13–14 May 2014
Emerging requirements for measuring pol-
lutants from automotive exhaust emissions 
(ENV02 PartEmission)
Closing workshop. PTB, Braunschweig. 
Open to all stakeholders.
Contact: Martin Thedens
Phone: +49 (0)531 592-3730
E-mail: martin.thedens@ptb.de

20–21 May 2014
Traceable in-process dimensional measure-
ment (IND62 TIM)
Project meeting, 2nd interim meeting at CMI. 
Prague (CZ).
Contact: Klaus Wendt
Phone: +49 (0)531 592-5323
E-mail: klaus.wendt@ptb.de

26–30 May 2014
European Materials Research Society 
(EMRS) Spring Meeting
Lille, France. Among other things with a 
workshop of the EMRP project (with signifi-
cant PTB participation) “Metrology for the 
manufacturing of thin films” (IND07 Thin 
Films). For further information:  
www.emrs-strasbourg.com

18–19 June 2014
„Metrology for ultrafast electronics and 
high-speed communications“ (IND16 
Ultrafast)
Final Meeting. Prag. 
Contact: Mark Bieler
Phone: +49 (0)531 592-2540
E-mail: mark.bieler@ptb.de

For further information on EMRP:
www.euramet.org > Research EMRP > Calls 
and Projects

PTB at trade fairs 

6–9 May 2014
Control
International Trade Fair for Quality Assur-
ance, Stuttgart.
Contact: Christine Haubold
Phone: +49 (0)531 592-3007
E-mail: christine.haubold@ptb.de

20–22 May 2014
Optatec
International trade fair for optical technolo-
gies, components and systems, Frankfurt. 
Contact: Christine Haubold
Phone: +49 (0)531 592-3007
E-mail: christine.haubold@ptb.de

3–5 June 2014
SENSOR+TEST 2014 
Measurement fair. Nürnberg. 
Contact: Christine Haubold
Phone: +49 (0531) 592-3007
E-mail: christine.haubold@ptb.

Publications

PTB-Mitteilungen Vol. 2/2013 (in German)
Focus: Ionizing radiation in medicine

PTB-Mitteilungen Vol. 3/2013 (in German)
Focus: 13th BAM-PTB Colloquium on chemi-
cal and physical safety engineering

PTB-Mitteilungen Vol. 4/2013 (in German)
Focus: 100 years of the Helmholtz Fund and 
40 years of the Helmholtz Prize

For further information:
www.ptb.de > English Version > Publications 
> PTB-Mitteilungen
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