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This report gives a brief outline of some research and development activities in the field of
electricity at the Federal Institute of Metrology METAS.

1. Electrical Quantum Standards & DC/LF Metrology
Contact: alessandro.mortara@metas.ch

1.1 Dual Josephson Impedance Bridge

METAS and NIST have collaborated for several years on the Dual Josephson Impedance
Bridge (DJIB) [1,2]. The project consists of putting together the sampling bridge technique and
Josephson Arbitrary Waveform Generator Synthesizers (JAWS). Bridges with sources based on
voltage ratio transformers can only compare impedance ratios per the predefined voltage ratios
corresponding to the of the transformer turn number. Furthermore only impedances of the same
nature can be compared, since the phase between the two voltage sources is 0° or 180°. Sam-
pling bridges digitize two independent voltage sources with an accurate amplitude ratio and
phase shift, their precision is limited by that of the digitizer. In the DJIB, the voltage sources
are two independent pulse-driven JAWS systems, i.e. yielding arbitrary voltage ratios or phase
shifts. The stability, linearity, tunability and spectral purity of the JAWS sources are key to the
figure of merits of the DJIB. The collaboration between METAS and NIST spans several time
zones, and outstanding results have been achieved. An investigation of the systematic effects of
the bridge were carried out, a 100 pF capacitor could be calibrated with uncertainties within a
few parts in 108 at 1233 Hz. A systematic study of the performance over the entire complex
plane is under way.

1.2 Impedance simulator

The iSimulator was developed as part of the EMRP AIMQUTE project. It aims at calibrating
RLC multimeters over the impedance range 1 Q — 10 M Q with any phase angle in the frequen-
cy domain 100 Hz — 20 kHz [3]. Measurements International (MI) and METAS signed an
agreement for the industrialization of the iSimulator technology, and a prototype to demon-
strate the measurement principle was supplied by METAS to MI with an extensive know-how
transfer. MI put the demonstrator on display at the Conference on Precision Electromagnetic
Measurements held in July 2018 in Paris. Ml is now entering the development phase of a pro-
duction intent unit, which should last an approximate 3 years. In the meantime, a few units will
be placed at selected customers in order to gather first-hand return of experience in real life ap-
plications. MI customers will now have the ability to calibrate with one single instrument LCR
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meters over the entire complex plane, to previously unavailable levels of accuracy, uncertainty
and automation.

1.3 Computational traceability

Simulations have been used in several collaborations with the industry in order to establish
traceability for impedances. The approach has been applied to a broad range of fields, such as
contactless measurements using eddy-current techniques, calculations of resistive and capaci-
tive standards for impedance analyzers measuring up to 500 MHz. These new skills are particu-
larly useful for complex geometries and to connect traceable measurements across the RF-LF
gap, typically between 100 kHz and 500 MHz, where traceability using classical artefacts is not
achievable.

2. Power and Energy
Contact: cedric.blaser@metas.ch

2.1 Primary power standard for 16.7 Hz

A primary power standard at 16.7 Hz is under development. The main interest for this standard
is in the field of railway applications, in particular in the framework of the EMPIR MyRailS
project [4]. The standard features uncertainties below 50 x 10 for voltages and currents below
700 V and 20 A respectively. The measurement of the voltage and current signals involved in
the power computation is by means of type 3458A multimeters in DC mode with an external
trigger signal [5]. Different fitting algorithms are used to determine the RMS value and phase
of the signal of interest [6]. Comparison with power standards operating at 50 Hz have shown
consistent results.

2.2 Calibrator for instrument transformer comparators

Instrument transformer test sets are used to calibrate instrument transformers. Traditionally,
commercial and reference transformers were very similar in design. The test sets for the cali-
bration of those transformers were using bridge techniques. While the design of reference trans-
formers has not changed, non-conventional commercial transformers have very different output
signals. A calibrator emulating analogue-output instrument transformers with adjustable ratio
error and phase displacement has been developed and built using commercial off-the-shelf
components as much as possible [7]. It is fully computer controlled and features uncertainties
below 10 x 10°. CMCs have been published and PTB conducted a successful peer-audit in
2018.

3. RF & Microwave
Contact: markus.zeier@metas.ch

3.1 Impedance and Network Analysis

The VNA metrology software VNA Tools (www.metas.ch/vnatools) has been further developed
[8-10]. Notable additions are a CMC calculator, time domain functionality and a real time inter-
face (RTI). The RTI has been implemented for stable high level access to functionality of the
software. The RTI is locked for the general user but can be licensed to interested parties for
commercial applications. So far there are close to 800 licensees of VNA Tools and almost 200
persons have visited the three-day introductory course, which is provided by METAS.

In the EMPIR RPOT project RFMicrowave (rfmw.cmi.cz/) METAS has been disseminating
knowledge in establishing Sl traceability for S-parameters and evaluating VNA measurement
uncertainties to other NMls.

A review article [11] to summarize state of the traceability for coaxial S-parameter measure-
ments has been published
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3.2 RF power and Noise

The project 110 GHz Power to extend coaxial measurement capabilities in RF power from cur-
rently 67 GHz to 110 GHz is nearing completion. An important outcome of this project is the
new software METAS PowerCal, which can be used to calibrate power sensors on a VNA sys-
tem. First tests towards a novel primary power standard based on the electro-optical effect have
been performed [12].

Because NPL has stopped (as the last lab in Europe) its primary noise service in 2018, METAS
has built up its own primary realization of noise for the coaxial systems Type-N and 3.5 mm.
The measurement systems are complemented by a new software METAS NoiseCal, which is
using components of VNA Tools and which is based on METAS UncLib for proper uncertainty
evaluation.

3.3 Scanning Microwave Microscope (SMM)

Within the last two years the METAS SMM has been developed further and has been used in
various projects [13]. The EMPIR projects 3D-Stack and PlanarCal were completed in the
meantime, and new projects (EMPIR: Hymet, ADVENT; Horizon 2020: MMAMA) have been
started. The main objectives of these projects are the fabrication of impedance standards fabri-
cated in a cleanroom using lithographic techniques and the development of a coaxial scanning
tip [14]. A first set of impedance standards has been produced and is currently undergoing
evaluation. The implementation of the coaxial tip is underway.

3.4 Terahertz

In 2018 the RF&MW laboratory in cooperation with the photonics laboratory started a project
(THz-Met) to address Terahertz metrology both from the electronics and the optics perspective.
The RF&MW laboratory will establish S-parameter traceability in the 500 GHz to 750 GHz
waveguide band. In addition it is planned to establish traceability for power and material meas-
urements. An EMPIR proposal on Terahertz was approved in 2018 and the project TEMMT
will start in 2019. Some of the activities of the METAS project THz-Met are also planned in
TEMMT.

4., EMC and Antenna
Contact: frederic.pythoud@metas.ch
4.1 Round robin test device for EMC testing

METAS has been continuously expanding its capabilities in proficiency testing [15-17]. A de-
vice for surge-immunity testing has recently been developed for testing according to IEC
61000-4-5 [18]. This device is now under evaluation in a national comparison between accred-
ited testing laboratories. A device for testing according to IEC 61000-4-3 is in development and
completion is planned for summer 2019. Several devices are now available for proficiency test-
ing: conducted emission, radiated emission (comb generator with antenna), radiated emission
(EUT with cabling), conducted immunity according to IEC 61000-4-6, and surge immunity.
Radiated immunity will be available shortly.

METAS now provides proficiency testing for accredited labs in Europe (www.metas.ch/emc).
4.2 EA comparison among European accredited calibration labs

METAS has lead one of the most important comparisons among accredited calibration labs in
Europe for European Accreditation. The scope of the comparison was the measurement of ESD
gun parameters: DC voltage, maximum current, rise time, amplitude and 30 ns and 60 ns. The
results of the comparison have shown large disagreement for the amplitude at 30 ns and 60 ns,
whence the subject has been raised to the normative committees.
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4.3 Traceability for Longitudinal Convertion Loss (LCL) measurements

Traceable measurements of LCL are important for the calibration of coupling-decoupling net-
works. A concept for traceable calibration of LCL has been established and the first CMC will
be published in 2019. The experimental setup will be improved to reduce the uncertainties and
increase the range of measurements up to 80 dB.

This calibration capability is now available at METAS and the first certificates for calibration
of LCL have been issued.

4.4  Scanning method for measurement of non-ionising radiation

The measurement of non-ionizing radiation is an important issue in Switzerland since it has,
based on the precaution principle, stronger limits that the ICNIRP limits. However, the meas-
urement uncertainty of the field measurement is typically 3 dB, which expressed in percent
gives about 45 %. This is quite high for the general perception of the public. Therefore,
METAS tries to improve the measurement methods and also the measurand in order to decrease
the measurement uncertainty. The idea to improve the uncertainty is to scan the field and to
identify an averaging method in order to remove the uncertainties due to interference. METAS
Is currently comparing the actual field scanning method with 3D scanning methods performed
by robots.

5. Participation in Comparisons

Comparisons completed since the 2017 CCEM meeting
European Accreditation: Comparison of ESD pulse measurement; piloted by METAS.
EURAMET.EM-S31: Comparison of capacitance and capacitance ratio; piloted by PTB.
BIPM.EM-K12: Comparison of Quantum Hall Effect resistance standards; piloted by
BIPM.
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