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New low-temperature scale of PTB
In the low-temperature range between 0.65 K
and 1 K, at present two overlapping, but different
International Temperature Scales are available.
The new PTB scale for the temperature interval
from 0.65 K to 3.2 K (in short: PTB-2006), which
was completed in 2006, now shows how the two
scales can be combined in future to form one improved International Temperature Scale.
The temperature range below 1 K is of interest
for basic research investigations and for metrological applications such as the use of highly sensitive
detectors and bolometers. For traceable temperature
measurements, manufacturers and users of cryotechnical facilities have currently two temperature
scales at their disposal: the Provisional Low-Temperature Scale PLTS-2000 and the International
Temperature Scale ITS-90, whose overlapping range
extends from 0.65 K to 1 K. Close to 0.65 K, however, the scales deviate from each other considerably with decreasing temperature. It is known that
in the overlapping range, the ITS 90 – in contrast
to the PLTS-2000 – shows clear deviations from the
thermodynamic temperature scale. It is the task of
the PTB-2006 to overcome this inacceptable state.
For the temperature interval from 0.65 K to 3.2 K,
the ITS-90 prescribes a special polynomial by
means of which the temperature T90 must be determined from the measured vapour pressure of 3He.
By analogy, the PLTS-2000 uses the melting pressure of 3He for temperature determination. In the
ideal case, both the vapour pressure and the melting pressure of the 3He would have to be measured
at the same temperature to achieve having the two
scales coincide. As such a direct comparison has so
far not been possible due to cryotechnical reasons,
an indirect comparison via very stable rhodiumiron resistance thermometers was selected for the
establishment of the PTB-2006. In several partial
steps, a data set has been determined for the temperature dependence of the 3He vapour pressure

which covers the total range from 0.65 K to 3.2 K.
This data set, as well as an adapted new 3He vapour
pressure polynomial, have recently been published.
Thanks to the PTB-2006, a new 3He vapour pressure scale is now available which is, on the whole,
consistent with the thermodynamic temperature
scale, passes – above 2 K – into the ITS-90, and – below 1 K – into the PLTS-2000 and which, compared
to the ITS-90, shows only one third of the uncertainty between 0.65 K and 1 K.

Additional information can
be obtained from:
J. Engert,
phone.: (+49 30) 34 81-72 26,
e-mail: jost.engert@ptb.de

In front of a 3He vapour-pressure cell with inserted rhodium-iron
resistance thermometers, the definition ranges of the temperature
scales ITS-90, PLTS-2000 and PTB-2006 are marked on the
logarithmic temperature axis.

The standard metre from a hole in the wall

Additional information can
be obtained from:
G. Grosche,
phone: (+49 531) 592-43 18,
e-mail:
gesine.grosche@ptb.de

A new method for comparing optical clocks in
different places, connected by an optical fibre, has
been developed at PTB and tested over a longdistance fibre link. Using this method, an optical
frequency derived from an optical frequency
standard (atomic clock) was transmitted over a
211-km-long fibre link with an accuracy of one
part in 1017.
The best atomic clocks and optical frequency
standards, designed to achieve an accuracy of better than one part in 1016, can be found in different

laboratories, and frequently in different countries.
One method for accurately comparing these frequency standards and for disseminating highprecision frequencies to industrial and research
facilities is the transmission of highly stable optical
frequencies via optical fibres as they are used for
telecommunications. Buried underground, optical
fibres are well-protected and have a low attenuation
of approximately 0.25 dB per kilometre for radiation in the near infrared.
In the concept developed at PTB, the frequency of

Continued on page 2
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an optical standard is phase-coherently transferred
to the near infrared range using a femtosecond
optical comb generator. As part of an international
cooperation, an optical frequency synthesized in
this way has now been fed into an optical fibre link
spanning 86 km, thus connecting two different
research institutes in Paris. Using additional fibre
spools, the fibre link was extended to 211 km to test
the technique over longer fibres.
Due to mechanical, acoustic and thermal influences on the optical fibre, the optical path length
varies. At the end of the transmission path, this
variation manifests itself as fluctuations in the
transmitted carrier frequency. These fluctuations
were detected by an interferometric method and
suppressed by about three orders of magnitude
using feedback control. In this way, the optical frequency was transmitted with a relative uncertainty
of about one part in 1017.
With the transfer (to infrared) and fibre optic
transmission of an optical carrier frequency, a
unique method is available to PTB which allows us
to compare optical clocks separated by very long

distances. This method also enables the distribution of reference frequencies to research laboratories and enables their use in addressing fundamental questions in physics.

An interferometer with fibre-coupled, acousto-optic modulators detects variations
of the optical path length in the transmission fibre.

Measuring the flowrate with force
A novel, patented flowmeter allows the flowrate
to be determined by measuring the force of the
mass flow. This is done independently of the material properties of the liquid.
In flowrate measurements, metrological traceability is assured by using flowmeters as transfer standards. These transfer standards are, for example,
used to compare the test facilities of the petroleum
industry, of the industry for liquid food and of the
drinking water supply companies metrologically
with the respective national primary standard. In
Germany, the hydrodynamic test field of PTB has
been developed as a primary standard for this purpose. Up to now, commercially available flowmeters
– where the material parameters of the liquid flow
to be determined frequently influence the measurement result – have been used as transfer standards.
The temperature and, in particular, the liquid
viscosity may falsify the measurement values by
several tenths of a per cent, which sometimes leads
to inadmissibly large measurement uncertainties in
the traceability chain.
A patented flowmeter, which has been developed at PTB, shall put things right. By means of

Sectional drawing of the newly developed flowmeter as a prototype. The device for feeding and evacuating the partial flows is
not shown.

this flowmeter, the flowrate of liquids is – for the
first time – determined by measuring the force of
the mass flow which acts directly on a target with
the aid of a load cell. The force of the mass flow is
proportional to the mean velocity of the flow. To
become independent of the material properties of
the liquids, a defined steady-state partial flow of
the same liquid is fed to and evacuated from the
steady-state mass flow. During this process, the
force of the total mass flow is measured. When
these partial flows are known, it is possible to determine the mass flow independently of the material properties of the liquid to be measured.
On the basis of the sensitive and exact force measuring technique, the newly developed flowmeter
represents a precision measuring instrument which
considerably increases the accuracy for the traceability of the mass flow. In first measurements,
relative standard deviations of the order of 10 –5
could be achieved under repeatability conditions.
Another advantage of the device is its extremely
compact design and its large measurement range.
In future, the application of force measurement will
offer the potential for an additional extension of the
measurement range.

Additional information can
be obtained from:
J. Riedel,
phone: (+49 531) 592-13 28,
e-mail: joerg.riedel@ptb.de

Magnetic fields of micro- and
nanostructures
Together with Göttingen University, PTB has
developed a procedure which will allow the
magnetization and the magnetic field of smallest
structures to be determined quantitatively and
in a traceable way. In combination with a magneto-optical method, this will for the first time
allow traceable magnetic measurements to be
performed with magnetic force microscopy which
provides an extremely high spatial resolution.
Magnetic stray fields of microscopic structures
larger than approx. 300 nm can be determined by
means of the magneto-optic indicator films (MOIF).
Thereby, traceability is guaranteed by calibrating the measurement signal by means of known
macro-scale fields. To determine the magnetization
distribution of the samples from it, the measured
stray field must be mathematically inverted. For
this problem, which usually has no unambigious
solution, a solution has so far only been known for
the special case of a magnetization vertical to the
sample plane. Now, a definite inversion procedure
has for the first time also been developed for magnetizations in the sample plane.
If the structures are smaller than 300 nm, a strayfield-sensitive magnetic force microscope (MFM)
with a resolution of a few 10 nm is used. However,
this microscope furnishes quantitative stray field
values only if its transfer function has been determined with reference samples of known stray field.
Such samples, based on hard magnetic FePt films,
were manufactured at PTB. By means of electron

beam lithography, test structures of different form
and size were patterned. The new inversion method
allows the magnetization to be determined from
the stray field distribution of these structures measured by means of MOIF on correspondingly large
structures. This, in turn, allows the stray field to be
calculated at the measurement height of the MFM
stylus tip and the MFM to be calibrated.
With the transfer function now known, which
is independent of the structure size, the MFM can
also be used to measure the stray fields of smaller
structures in a quantitative and traceable way. By
applying the developed inversion procedures once
again, the magnetization distributions are reconstructed; this time, however, with an MFM-typical
spatial solution in the nanometer range.

Additional information can
be obtained from:
S. Sievers,
phone: (+49 531) 592-14 14,
e-mail:
sibylle.sievers@ptb.de

Optically determined magnetization distribution of FePt blocks
in false colour representation and magnetization profile of a
structure approx. 10 μm in size.

Mouse click into the world of gravity
On the Web pages of PTB, a new information platform has been created where interested
persons from physics and industry can inform
themselves about the local intensity of the gravitational field of the Earth, relative to the respective place of use.
Today, the majority of modern, electronic weighing instruments are used without compensation
weights and must, for their place of use, be adjusted
to the local influence of the gravitational field of the
Earth. In addition to the traditional method – i.e.
adjustment of the “correct” display value with the
aid of adjusting weights at the place of use – a computational correction of the weighed value can also
be made already at the manufacturer‘s, taking into
account the acceleration due to gravity valid at the
place of use.
With the Gravity Information System (GIS) developed at PTB, a simple, graphically supported means
for the calculation of gravity values (acceleration
due to gravity) is made available world-wide which
Additional information can
works as the route planners known from the Interbe obtained from:
net. An interactive map section, based on a digital
A. Lindau,
phone: (+49 531) 592-11 86, atlas data base, allows any map section of the Earth
and thematic backgrounds of the gravitational field
E-Mail:
andreas.lindau@ptb.de
to be represented with the aid of a few map control

elements. The indication of a gravity value or of a
gravity anomaly relative to the place can be generated by entering the name of a place, the coordinates of a place (longitude, latitude, altitude), or by
a mouse click into the map.
A four-stage gravity data model, which is mainly
composed of freely disposable secondary – i.e.
derived – gravitational field quantities, serves as
a database. On the basis of a global geopotential
model which ensures global coverage, regionally
higher resolved data sets are used for compression.
For the derivation of selective gravity values, a
reduction method at sea level is used – including a
global height model – to be able to determine relative uncertainties of up to < 10 –6, at least, however,
of ~5 · 10 –5, on a mathematically slightly curved
surface with the aid of a geostatistic interpolation
approach. In this way, the requirements of a very
large part of metrological applications carried out
under the influence of the gravitational field are
complied with, without local gravimetric measurements being necessary.
In weighing technology it is, in addition, of advantage to have a spatially extended validity range
defined for the gravity value at the place of instalContinued on page 4
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lation which is used for the calibration. This range,
the so-called gravity zone, can be calculated with
the aid of the GIS as a function of the weighing instrument type to be used, and represented in a preselected map section.
In addition, further thematic representations
of the field of gravity can be viewed as graduated
coloured pictures in combination with explanatory
isolines in the map section.

The Gravity Information System can be found on PTB’s
web pages under: Division 1 /
Department 1.1 / Gravity-Information-System (GIS)
1 > Department 1.1 > Gravity
Information System (GIS).

High-precision length measurements
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In precision manufacturing, ever higher demands are made on the accuracy of the length
measuring systems used. Recently, the nanometer
comparator – the standard measuring device of
PTB for length graduations and for incremental
length measuring systems based on them – has
contributed considerably to essential progress in
precision length measurements.
In various areas of industrial production, the
processing machines used must position extremely
exactly – up to accuracies of a few nanometers.
Examples of this are the exposure machines (wafer
steppers) used for the lithographic manufacture
of integrated circuits, or the diamond turning machines used for ultra-precise surface machining.
To comply with the required positioning accuracies and linearities, the measurement deviations of
the length measuring systems used in the manufacturing process must be determined with very small
uncertainty. For the assessment of such length measuring systems, the usually applied interferometric
measurement methods with light propagation in air
are not precise enough. In the case of the nanometer comparator developed in cooperation with the
Dr. Johannes Heidenhain GmbH, the interferometric length measurement is, therefore, realized completely under vacuum conditions. Similar length
comparators operated under vacuum conditions for
longer evaluation lengths are at present not available at any other metrology institute. Two companies, however, which manufacture, among other
things, incremental length measuring systems (the
Heidenhain company itself as well as the Mitutoyo
Corporation in Japan) also have vacuum length
comparators at their disposal.
In a recently completed comparison of the three
vacuum length comparators on an incremental

Award for Fritz Riehle
On May 29, Dr. Fritz Riehle, Head of PTB‘s Optics Division, received this
year‘s “Time and Frequency Award of the Société Française des Microtechniques et de Chronométrie”. In this way, Riehle‘s scientific work in the field of
frequency and time was recognized. Congratulations!

length measuring system used as transfer standard,
an agreement of the results of the length measurement of 5.5 nm was reached over a path of 280 mm
in total. This corresponds to a relative agreement
of better than 2 · 10 –8. This agreement is by at least
a factor of 5 better than the agreement obtained
for the preceding length measuring comparisons,
where interferometry was operated in air.
This result documents the current efficiency of
the vacuum length comparators that participated in
the comparison. The requirements for the precision
of industrial length and coordinate measurements,
which will in future further increase, for example
in the case of the imminent implementation of
double exposure methods in 193 nm lithography,
suggest a goal-oriented further development of the
nanometer comparator. The corresponding work
has already been started.

Measurement results of the three vacuum interference comparators on the incremental length measuring system LIP 382 used
as transfer standard (background: Transfer standard on nanometer comparator).

