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Near-field Optical Microscopy
Using Silicon Probes

Ultra-small Single-electron-tunnelling Devices
PTB has developed a new fabrication method
to produce ultra-small structures for single-
electron-tunnelling devices. Applying this
method, a transistor with a tunnelling area as
small as 17 nm × 60 nm has been produced.

Single-electron-tunnelling (SET) devices offer the
possibility to manipulate single electrons by means of
the Coulomb blockade effect which occurs for a single
electron localized on an isolated island. This new type
of device may open the way to a quantum current
standard and to future alternative technologies re-
placing the standard silicon technology once the min-
imum structure size reaches the order of 10 nm.

At present, one of the challenges for the fabrication
of single-electron-tunnelling devices is the reduction of
the minimum feature sizes necessary to raise the oper-
ating temperature from the millikelvin range to at
least the temperature of liquid nitrogen. PTB has de-
veloped a fabrication method, which combines the
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Scanning near-field optical microscopy overcomes the resolution limit of con-
ventional optical microscopes. In addition to the topography, optical properties
can now be revealed even for micro- or nanostructures. Instead of the common
glass fibre probes, silicon probes with better transmission in the infrared spec-
tral range have been employed and investigated by PTB for the first time.

advantages of high-resolution electron-beam lithog-
raphy with those of the multilayer technique for the
first time. The method uses a transmission electron
microscope in the scanning mode  (STEM) as a li-
thography system. The STEM generates a beam of
electrons with a diameter of less than 1 nm, which is
used to expose and structure an organic resist. In pre-
liminary tests, a minimal linewidth of 8 nm has been
achieved at a 20 nm thick Si3N4 membrane.

The SET transistor was fabricated in two steps us-
ing a conventional electron beam lithography sys-
tem besides the STEM. The ultra-small tunnel areas
of the transistor were about 17 nm × 60 nm and
clearly showed a Coulomb blockade effect. Further
reduction of the lateral dimensions down to
10 nm × 30 nm can be achieved by optimizing the
lithography steps involved.
For further information please contact Th. Weimann, fax:
(+49 531) 592-22 95, email: thomas.weimann@ptb.de

Diffraction restricts the
resolution of convention-
al optical microscopy to
about half the wave-
length of the light used
for illumination. A novel
type of microscopy over-
comes this limit: scan-
ning near-field optical
microscopy (SNOM),
which is related to scan-
ning tunnelling micros-
copy and atomic force
microscopy (AFM). The
key elements of SNOM
are special near-field
probes, commonly made
of glass fibres. However,
silicon aperture probes,
which have been em-
ployed by PTB for the
first time, offer the

advantage of better transmission in the infrared spec-
tral region. The development of these probes and a
reproducible fabrication process has been carried out
in cooperation with industrial partners. The probes

are basically silicon AFM probes with a metallized
tip. A focused ion beam is used to «drill» a hole with
a diameter of less than 100 nm into the metal film at
the front tip. This hole serves as an aperture narrow-
ing the incoming laser beam. The light spot obtained
in this way is much smaller than the smallest focal
point achievable by conventional optics. During the
measurement the probe is scanned over the surface
in a distance of a few nanometres (AFM mode), and
the transmitted optical signal and the surface topog-
raphy of the object under investigation are recorded
simultaneously. With a near-field optical microscope
of this type, a lateral resolution of less than 100 nm
has already been achieved using infrared laser radia-
tion with a wavelength of 1064 nm.

An example of future applications of near-field
optical microscopy is the investigation of the influ-
ence of near-field effects on microstructure measure-
ments. In combination with spectroscopic tech-
niques, near-field optical microscopy will also give
information on the local chemical composition of
subwavelength structures. This information is im-
portant for semiconductor technology as well as bi-
ology and medicine.
For further information please contact
H.-U. Danzebrink, fax: (+49 531) 592-5105,
email: hans-ulrich.danzebrink@ptb.de

The artist’s view shows the silicon probe of a near-field optical
microscope scanning a calibration grid. The laser radiation (red)
passes through the tip of the probe and illuminates a small spot
of the sample surface.

Ultra-small SET transistor
structure on a 20 nm thick
membrane
The circles indicate the areas
where electrons can tunnel
onto and off the island.
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Automated Testing of
Weighing Instruments up to 3 t

Comparisons of
Electrical Quantum Standards
International comparisons of quantum Hall effect
resistance standards and 10 V Josephson array
standards have recently been performed at PTB
and demonstrate agreement within relative uncer-
tainties of 2 × 10–9 and 5 × 10–11, respectively.

Electrical quantum standards based on the quan-
tum Hall effect or the Josephson effect are used
world-wide for the realization of electrical units
with highest reproducibility. Direct comparisons of
these standards and the corresponding measuring
techniques therefore belong to the set of key com-
parisons which are to guarantee the international
equivalence of measurements (see PTBnews 97.2).

Such comparisons have been performed at PTB
recently: for resistance standards with the Bureau
International des Poids et Mesures (BIPM), and for
voltage standards with the BIPM and the Swedish
National Testing and Research Institute (SP).

The two quantum Hall resistance standards were
compared with the same 100 Ω resistance standard.
The results agreed within the combined relative un-
certainty of 2 × 10–9.

Since the stability of conventional voltage trans-
fer standards is typically much lower than the sta-
bility of the quantum standards, the voltage com-
parison was performed in two steps. First, a direct
comparison of the  10 V array Josephson standards

demonstrated their agreement within 5 parts in
1011 when properly used. Then, the same second-
ary Zener standards were calibrated with the
Josephson standards of the three laboratories, and
the results agreed within 1 part in 108.

As a result of these comparisons it is evident that
key comparisons at the highest level of accuracy
have to be performed by on-site direct comparison
of quantum standards. It is expected that direct
comparisons will also become important for indus-
trial calibration laboratories which put quantum
standards increasingly into use.
For further information please contact P. Warnecke,
fax: (+49 531) 592-2105, email: peter.warnecke@ptb.de

A novel device enables PTB
to perform largely automated

tests of weighing instruments
for industrial applications up

to 3 t in a walk-in climatic
chamber. The 3 t mass stack

shown in the picture is about
1,1 m high.

With a novel PLC-controlled device for testing
of weighing instruments up to 3 t in a walk-in
climatic chamber, PTB is well prepared to meet
the increasing requirements for fast, flexible and
accurate tests in the field of industrial weighing
technology. The new device allows to perform
largely automated pattern approval tests of
weighing instruments for industrial applications,
such as fork-lift-type, pallet and platform scales.
The tests can be done with a relative uncertainty
as small as 1 × 10–5 if required.

Modern industrial weighing instruments are
modular, interconnectable multi-purpose systems
with relative resolutions of 10–4 and below. Type
approval of these weighing systems is required not
only for commercial transactions but increasingly
also within the framework of the quality systems
of industry.

Today, almost all pattern evaluations for weigh-
ing instruments are carried out in accordance with
international OIML Recommendations and EU Di-
rectives, which require, among other things, accu-
racy tests in the temperature range from – 10 °C to
40 °C and in damp heat (in most cases at 40 °C and

continued on page 3

PTB facility with two Josephson voltage standard
measurement systems
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Automatic Setting
of Welding Filters

Automated Testing
of Weighing
Instruments up to 3 t
continued from page 2

85 % relative humidity) in walk-in climatic cham-
bers. The largest climatic chamber of PTB is
6 m × ␣ 3 m × ␣ 3 m (length × width × height). In this
chamber, PTB has now set up a novel testing de-
vice  in cooperation with a manufacturer of force
standard machines. The new device has substantial
advantages compared with previous devices; the
main advantages are:
• large and variable range of use owing to two dif-

ferent mass stacks (total masses 600 kg and
3000 kg) with dead weights which can be easily
exchanged within a stack and can be combined
quite arbitrarily (nominal values  5 kg to 50 kg
and 50 kg to 500 kg, respectively)

• great accuracy reserves and thus the possibility
of testing all weighing instruments, also multi-
interval scales and multi-range scales, of accura-

cy classes II, III and IIII from 50 kg to 3 t using
polished dead weights (weight quality better
than class F2), which have been calibrated with
a relative uncertainty of 5 × 10–6

• largely automated sequence of testing operations
with PLC- and PC-based remote control of the
mass stacks by two independent pairs of grabs
which can be displaced on motor-driven spindles
and can be pneumatically extended into and re-
tracted from pockets on the external sides of the
dead weights.
After successful completion of the final tests, the

new device will presumably be available for pat-
tern approval tests of weighing instruments early
in 1999.
For further information please contact R. Schwartz,
fax: (+49 531) 592-11 05, email: roman.schwartz@ptb.de

Events
(Further information is available at www.ptb.de;
choose “English”, then “News · Current events”)

Hermann von Helmholtz Symposium 1999
«Precision Measurement of Electromagnetic
Radiation»
PTB Berlin-Charlottenburg, 30 March 1999
In conjunction with the symposium: Formal inaugu-
ration of the PTB synchrotron radiation laboratory
at BESSY II in Berlin-Adlershof on 29 March 1999
Information: M. Korte, fax: (+49 30) 34 81-490,
email: radiometry99@ptb.de

Nanotechnology
Centre at PTB
A centre on  «Ultraprecise Surface Figuring» is
now being installed at PTB as one of six newly de-
fined German Centres of Competence in the field
of nanotechnology to support activities leading to
more precisely shaped and smoothed surfaces.

The six centres of competence selected and sup-
ported by the German Federal Government are
established to provide a network of research insti-
tutes and commercial enterprises supporting the
wide spread use of new developments and technol-
ogies on the nanometre scale. PTB also contributes
actively to two other centres of competence: as a
sub-centre to the centre on «Functional Lateral Na-
nostructures» and as a single institute to the centre
on «Nanoanalytics».
For further information please contact H. Kunzmann,
fax: (+49 531) 592-30 02, email: horst.kunzmann@ptb.de

PTB has completed field measurements to derive a
switching characteristic for automatic scale number
setting of welding filters depending on illumi-
nance. The derived correlation will be the basis for
a future revision of the European Standard on weld-
ing filters with switchable luminous transmittance.

Automatic welding filters protect the eyes of weld-
ers when the electric welding arc is ignited by instan-
taneously reducing the luminous transmittance to a
level between 4 × 10–4 and 7 × 10–6 depending on the
welding process, the welding current, and the mate-
rial. At present, the corresponding scale numbers be-
tween 9 and 13 have to be preset by the welder.

In a joint research project with the Bundesanstalt
für Arbeitschutz und Arbeitsmedizin, PTB has per-
formed field measurements to obtain a data base for
the revision of EN 379 for an automatic scale number
setting depending on the illuminance at the filter
front side. Prototypes of automatic scale number

setting welding filters
were produced by two
manufacturers on the ba-
sis of PTB’s proposal tak-
ing into account former
illuminance measure-
ments and recommenda-
tions by German welding
teaching institutes for the
use of filter scale num-
bers. During field tests
the illuminance in front
of the filters was meas-
ured as well as the scale
numbers set by these fil-
ters. The tests were per-
formed in seven compa-
nies and institutes, ask-
ing experienced welders
about their individual
judgement of the proper
scale number setting for
more than hundred dif-
ferent welding processes.

Based on these investi-
gations PTB has pro-
posed a correlation be-
tween the illuminance at
the welding filter and the
scale numbers to be set
by the filter, which could
provide the basis for a
forthcoming revision of
the corresponding Euro-
pean Standard EN 379.
Further information by
W. Koschinski,
fax: (+49 531) 592-4272,
email:
willi.koschinski@ptb.de

Testing of the scale number setting by automatic welding filters
during a welding process performed with a covered electrode
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Optical Frequency Comb Generator
An optical frequency comb generator has been
developed by PTB to bridge large gaps between
optical frequencies for applications in optical
clocks and for the establishment of optical refer-
ence frequencies.

The most recent meas-
urements of optical fre-
quencies of hundreds of
Terahertz resulted in a
tremendous reduction
of the uncertainties of
various measurements
in research and metrolo-
gy. Examples include
the measurement of
fundamental constants,
the test of basic theories
or the realisation of the
SI unit of length, the
metre. So far, set-ups
employed for this purpose have been complex and
expensive. The novel scheme of optical frequency
comb generators is much simpler and more flexible.
It allows to generate an optical spectrum with a
comb of many equidistant, narrow lines. The fre-
quency difference of any two adjacent lines is de-
rived from a precisely known microwave frequen-
cy, which may be controlled by an atomic clock.

The device developed and investigated at PTB
consists of an electro-optic modulator crystal
which imposes a phase modulation with very

large modulation index onto the optical field of an
injected laser beam. The generator is excited by a
microwave signal at about 9 GHz. A double-reso-
nant configuration is used in order to achieve large

modulation indices
with moderate micro-
wave driving power.
The optimized frequen-
cy comb generator op-
erates at a wavelength
close to 877 nm and
produces a long-term
stable and reliable fre-
quency comb over sev-
eral Terahertz. The sev-
eral hundred individual
lines densely cover a
range of about one per-
cent of the optical spec-
trum and provide a va-

riety of references for phase-locking laser output
signals.

The comb generator is to be used in a phase-co-
herent frequency comparison between the Calcium
atom and the Ytterbium ion optical frequency
standards of PTB. Future applications of frequency
comb generators include multi-colour interferom-
etry, high-resolution spectroscopy and coherent op-
tical frequency synthesis.
For further information please contact H. Telle,
fax: (+49 531) 592-4423, email: harald.telle@ptb.de

n-Nonane as Secondary
Basic Liquid of Viscometry
In viscometry, n-nonane has turned out to be the
best suited liquid as a supplement of water, the
basic liquid. This is due to its most advantageous
properties: the viscosity differs only slightly from
that of water, but the ratio of surface tension to
density is substantially smaller than that of water
and is of the same order of magnitude as that of
the fluids to be measured.

Viscosity measurements are essential means for
the quality assurance of lubricants, synthetics, glass
and food in industry and research. For the traceabil-
ity of the viscosity measuring instruments used,
PTB provides national viscosity standards which are
linked up to the viscosity of water. Compared with
other liquids, water has a very high surface tension
and is most sensitive to slightest impurities of sur-
face-tension active substances (detergents). There-
fore, a complicated correction is necessary for preci-
sion measurements with viscometers which are di-
rectly linked to the viscosity of water.

Using n-nonane (C9H20) instead of water, this
correction is not needed. The kinematic viscosity of
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An optical frequency comb generator capable of producing a
spectrum of several hundred equidistant optical frequencies

n-nonane differs by only 1,5 % from that of water,
so that it can be determined very precisely relative
to the viscosity of water with capillary viscometers.
Using special U-tube viscometers with equal diam-
eters of the two tubes, the influence of the surface
tension is compensated.  In this way, it is possible
to determine the viscosity of nonane relative to the
viscosity of water with a measurement uncertainty
of  only 0,05 % at 20 °C .This small uncertainty val-
ue has been confirmed by international intercom-
parisons.

The n-nonane standard specimens provided by
PTB may replace water as the basic liquid in many
cases. Used as a secondary basic liquid, n-nonane
makes it easy to determine the surface-tension cor-
rection factors. This enables users in industry and
research to link up standard viscometers more eas-
ily without substantially increase of the measure-
ment uncertainty.
For further information please contact
G. Klingenberg, fax: (+49 531) 592-32 05,
email: guenther.klingenberg@ptb.de

Two Ubbelohde capillary
viscometers in a thermo-
regulator


