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5: Magnitude of Sn of one of the 1.0 mm offset short standards in blue,
bounded by the associated standard uncertainty interval in green.

The differences between measured and calculated S-parame-
ters, the so-called residuals, provide an excellent diagnostics
tool to detect any problems and inconsistencies in the results.
It is expected that the residuals are more or less evenly distrib-
uted and do not exceed a certain value. To understand the root
cause of a problem is often not trivial. It can be as simple as a
typographic mistake in one of the many input numbers, but in
can also mean that one of the applied models is not adequate-
ly representing reality. Debugging can require a significant
amount of persistence and scientific understanding and it is

S-parameters

S-parameters are used to characterize reflection and trans-
mission of a device upon impact of a high frequency elec-
tromagnetic signal. The figure below schematically repre-
sents the situation for a two-port device (e.g. an attenuation
device) with input signals applied to both ports. If the de-
vice is linear, the output signals can be defined in terms of
the input signals. Thus,
bi=Snai+Sia: b>= Sz a1+ S22

with the signal amplitudes as, a2, b and bz and the scatter-
ing parameters Si. The scheme can be generalized to n
ports and the equations can be written more economically
in matrix form b = Sa with the S-parameters contained in
the scattering matrix S and the column vectors a and b
containing input and output signal amplitudes, respec-
tively. S-parameters are two-dimensional quantities either
described in polar coordinates with magnitude |Sij| and
phase ce(§) or as complex numbers with real Re(Si) and
imaginary Im(Sij) parts.

110 GHz

6: Phase of S of one of the 1.0 mm offset short standards in blue, bounded
by the associated standard uncertainty interval in green.

quite common that the optimization procedure needs to be
repeated several times. Finally the desired consistency has
been achieved and an example of the final S-parameters of one
of the offset short standards can be seen in figures 5 and 6.

Conclusion

Establishing S| traceability for coaxial S-parameters in the
1.0mm line system is not an easy task. It took METAS more than
four years to overcome all obstacles and finally achieve the
desired accuracy. As previously mentioned, the capability to
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110 GHz

cascade S-parameters is an important feature of S-parame-
ters. By comparing measured and numerically cascaded
S-parameters, it can be demonstrated that the new defini-
tions of the calibration standards, taking the effects of the
connector interface into account, lead to more accurate and
consistent results [9].

The national metrology institutes (NMls) declare their mea-
surement capabilities in the key comparison database at the
BIPM (www.bipm.org). A CMC (Calibration and Measure-
ment Capabilities) entry in that database grants international
recognition of certificates for the particular measurement
service. METAS will be the first institute to have a CMC entry
for coaxial S-parameter measurement up to 116.5 GHz. This
entry completes the portfolio of METAS, now covering all
major metrology grade coaxial line systems with the new
methodology.

The newly established capability has already been used to
provide Sl traceability to a non-standard coaxial connector
through an adapter de-embedding technique [10]. The MMPX
connector is a proprietary connector developed by the Swiss
company Huber+Suhner. Previously rated up to 67 GHz it can
now be advertised for use up to 85 GHz, thus covering fre-
quencies of interest for high speed digital testing, the next
generation of mobile communication (5G) and the automo-
tive sector. Being able to provide SI traceability in that con-
nector system constitutes an advantage in these competitive
markets.
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Die Beherrschung der koaxialen

1.0 mm Stecker-Schnittstelle

Die nach grésseren Datenraten strebende
moderne Kommunikationstechnologie
bendstigt messtechnische Unterstiitzung
bei immer héheren Frequenzen. Die zu-
verldssige Messung der Streuparameter ist
fuir das Design solcher Systeme von grund-
legender Bedeutung. Das METAS hat in
einem Projekt mit Industriepartnern die
Riickverfolgbarkeit auf Sl-Einheiten fiir
koaxiale Streuparameter bis 116.5 GHz
realisiert. Dabei wurde ein spezieller Satz
von Kalibrierstandards entwickelt und
mechanisch und elektrisch vermessen. Die
Stabilitdt des elektrischen Messsystems
wurde durch thermische und mechanische
Massnahmen deutlich verbessert. Die ge-
wonnenen Messdaten wurden schlussend-
lich unter Verwendung analytischer und
numerischer Rechenmethoden an Model-
le angeglichen. Unter erheblichem Re-
chenaufwand konnte somit eine hohe
Genauigkeit der Charakterisierung er-
reicht werden.

Diese Arbeit bedeutet den Abschluss einer
Entwicklung, die vor etwa zehn Jahren
begonnen und hat, und zu wesentlichen
Verbesserungen der Genauigkeit und Kon-
sistenz bei der Messung koaxialer Streupa-
rameter gefiihrt hat. Ein wesentlicher
Aspekt ist dabei die Beriicksichtigung der
Einfliisse der koaxialen Verbinder. Das
METAS hat eine neue Methodik der Cha-
rakterisierung entwickelt und bietet jetzt
entsprechende Kalibrierdienstleistungen
fiir alle wichtigen Koaxialverbinder der
Metrologie-Klasse an.

1o GHz

Maitriser I'interface de connecteur
coaxial de 1.omm

Les technologies modernes de la commu-
nication, qui tendent vers un débit de don-
nées plus important, nécessitent une assis-
tance métrologique pour des fréquences
toujours plus élevées. Une mesure fiable
des parameétres S est primordiale pour la
conception de tels systemes. Au cours d‘un
projet avec des partenaires industriels,
METAS a réalisé la tragabilité aux unités
Sl pour des parameétres S coaxiaux jusqu‘a
116.5 GHz. Un jeu spécifique d‘étalons a
été développé a cet effet et soumis a des
mesures mécaniques et électriques. La
stabilité du systéme de mesure électrique
a été nettement améliorée par des inter-
ventions au niveau thermique et méca-
nique. Enfin, les données de mesure ont
été ajoutées aux modélisations par des
méthodes de calcul analytiques et numé-
riques. Une extréme précision dans la ca-
ractérisation a donc pu étre atteinte par
un calcul complexe.

Ce travail représente l‘aboutissement
d‘un développement qui a débuté il y a
environ dix ans et qui a donné lieu a des
améliorations significatives de l‘exacti-
tude et de la cohérence lors de la mesure
de paramétres S coaxiaux. La prise en
compte des influences des connecteurs
coaxiaux constitue un aspect essentiel de
ce travail. METAS a développé une nou-
velle méthodologie de caractérisation et
propose a présent des prestations d‘éta-
lonnage correspondantes pour tous les
connecteurs coaxiaux importants de
classe métrologique.

Padroneggiare 'interfaccia connettore

coassiale 1.0 mm

La moderna tecnologia della comunica-
zione, che mira a raggiungere velocita di
trasmissione dei dati sempre maggiori,
necessita di un supporto metrologico a
frequenze sempre pit elevate. Per proget-
tare tali sistemi, é di fondamentale impor-
tanza poter misurare i parametri di di-
spersione in maniera affidabile. In un
progetto portato avanti con partner indu-
striali il METAS ha realizzato la riferibilita
alle unita Sl per i parametri di dispersione
coassiali S fino a 116.5 GHz. E stato svilup-
pato un insieme specifico di standard di
taratura, che é stato misurato meccani-
che ed elettriche. La stabilita del sistema
elettrico di misurazione é stata significa-
tivamente migliorata mediante provvedi-
menti termici e meccanici. Infine i dati di
misurazione ottenuti sono stati equipara-
ti a modelli utilizzando metodi di calcolo
analitici e numerici. Con un notevole sfor-
zo computazionale ¢ stato quindi possibi-
le conseguire un’elevata precisione della
caratterizzazione.

Questo lavoro segna il completamento di
uno sviluppo iniziato circa dieci anni fa,
che ha condotto a miglioramenti significa-
tivi della precisione e della coerenza nella
misurazione dei parametri di dispersione
coassiali. Un aspetto importante di tale
approccio & quello di considerare I'influen-
za dei connettori coassiali. Il METAS ha
sviluppato una nuova metodologia per la
caratterizzazione e fornisce ora adeguati
servizi di taratura per tuttii principali con-
nettori coassiali della classe metrologica.
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ISIMULATOR

A state-of-the-art impedance simulator

A fully automated impedance simulator, called iSimulator, capable to simulate impedances ranging from
1Q to 10 MQ, at arbitrary phase angle, over a large frequency range (from 100 Hz to 20 kHz) is presented.
The results of the iSimulator calibration are in good agreement with measurements carried out using the
classical artefact-based method. Using this iSimulator, METAS is the first National Metrology Institute to
propose calibration services for LCR-meters at any impedance over the entire complex plane, staying at the

forefront in impedance measurements.

FREDERIC OVERNEY AND BLAISE JEANNERET

The electrical impedance (see textbox 1) is an important quan-
tity used to characterize electronic circuits and components
at audio frequencies. Since many sensors are based on the
variation of their impedance with a physical quantity [1] (e.g.
temperature, humidity, pressure), the precision measurement
of impedances represent a major field in electrical metrology.
Many of these impedance measurements are realized using
commercial impedance meters, or LCR-meters. Such instru-
ments are extensively used in calibration laboratories for the
measurement and characterization of impedance standards
(inductors, capacitors and resistors). Moreover, using electri-

Textbox 1: Impedance definition

cal impedance spectroscopy or/and electrical impedance to-
mography, they also find applications in many different fields
of science and engineering like biology, material characteriza-
tion, food industry, medicine and geology, only to cite a few
examples.

Artefact-based calibration

To ensure the traceability of these measurements, the LCR-
meter has to be regularly calibrated. The classical calibration
procedure (see textbox 2) requires the use of highly accurate
impedance standards of different kinds (resistors, capacitors

All electro-magnetic phenomena are described by the famous Maxwell equations. When the frequency of the electro-magnet-
ic waves is not too high (i.e. below 1 MHz), the associated wave length is larger than the size of the electrical circuit. In this
case, the electrical current and voltage are the same at any location of a given conductor, the circuit can be well described in

terms of its constituting impedances Z.
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The impedance Z is defined as the ratio of the voltage ¥ to the current : Z = V/I. Where V is the voltage drop generated by
the flow of the electrical current I through the impedance. The voltage and the current are characterized by an amplitude
({o, Vo) and a circular frequency w. The current and the voltage can be out of phase by an angle ¢. Depending on
the value of the phase angle three different types of impedance can be distinguished: ¢ = 0° for resistors, ¢ =-90° capacitors,

¢ = +90° for inductors.
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I/]'\/IUX S2

Sampling system

Connecting Box
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Artefact-based

ZREF
HC HP LP LC
1
* ZLCR = TV

1: Left side: Principle or the fully automated impedance simulator. The LCR-meter calculates the impedance from the current and the voltage measured
at its ports LC and HP respectively. A more detailed description of the system can be found in [10]. Right side: Principle of the calibration of LCR-meter
using the artefact-based method where physical impedances are connected to the LCR meter.

and inductors) [2]-[5]. These standards are successively
connected to the LCR-meter and the difference between the
measured value and the reference value of the standard de-
termines the LCR-meter error.

A large set of different standards is needed, their traceability
has to be maintained and finally, the procedure requires many
manipulations of standards, making its automation compli-
cated. In addition, only a small fraction of the measurement
capabilities of the LCR-meter is tested since the reference
standards have usually decadic value and phase angles close
to —9o degrees (capacitors), o degree (resistors) or 9o de-
grees (inductors).

Different approaches have been investigated to improve and
automate the calibration procedure of LCR-meters. The auto-
mation of the connection/disconnection of the different stand-
ards to the LCR-meter has been achieved and is now com-
mercially available [6]. Nevertheless, the problems of the
partial calibration of the LCR-meter capabilities and of the
maintenance of the traceability of the standards remain.

Calibration with the iSimulator

A more promising approach is realized with an impedance
simulator or iSimulator. In the iSimulator, the current and the
voltage measured by the LCR-meter to calculate the impedance
are independently generated by two external voltage sources.

iSimulator

By adjusting the amplitudes and the relative phase of the volt-
age sources, the synthesized impedance can cover the entire
complex plane. This concept was first proposed in 1994 [7] and
since then different designs have been realized [8], [9]. More
recently, a new design of the iSimulator — based on recently
available, high-grade electronics components — has been pro-
posed [10].

The impedance simulator presented in this paper performs
calibrations in the frequency range from 100 Hz to 20 kHz and
the magnitude of the synthesized impedances ranges from
1Q to more than 10 MQ with an arbitrary phase angle.

To introduce the description of the iSimulator, the measure-
ment principle of the LCR-meter has to be briefly recalled. The
complex impedance Z to be measured is connected to the
four connectors of the LCR-meter (see the right part of Figure
1). The current I, which is supplied by the internal oscillator
of the LCR-meter at the high current port (HC), is flowing
through the impedance and is precisely measured at the low
current port (LC). The voltage drop ¥ generated by this cur-
rent I is measured at the high potential port (HP). The instru-
ment can then calculate either the impedance Z=Vs or
the admittance Y= 1/2. When the LCR-meter is balanced, the
voltage measured at the low potential port (LP) is zero (vir-
tual ground) and the four-terminal pair definition [11] of the
impedance is realized.
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3: Gain error of a LCR-meter calibrated, at 1 kHz, over the whole complex
plane using the iSimulator.
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The basic principle of the iSimulator is to independently sup-
ply the current and the voltage to the LCR-meter. As repre-
sented in the left side of Figure 1, the first source S, supplies
the voltage V directly to the HP port and the second source S,
supplies the current 7 to the LC port. The LCR-meter is then
calculating the impedance Z, ., ="/} Since the amplitudes
and the relative phases of the two sources S, and S, can be
changed arbitrarily, impedances covering the entire complex
plane can be simulated.

A single digitizer V;x is used to accurately measure the volt-
age V, effectively presents at the port HP and the voltage drop
Vi generated by the current / flowing through the impedance
Zqy before entering the LC port. The value of the reference
impedance effectively presented at the input ports of the LCR-
meter is then given by
Zper = “% Zeg (1)

The traceability of the reference impedance Zy; is ensured by
the calibration of the impedance Zy inside the connecting box
and by the precise measurement of the voltage ratio V,/Vi.
Comparing the reading of the LCR-meter, Z; -, and the synthe-
sized reference impedance Zggp, the gain G of the LCR-meter
can be calculated as well as its relative gain error AG and phase
error Ap. A more detailed description of the system can be
found in [10].

Validation of the iSimulator

The validation of the new measuring setup has been performed
by comparing the results of the calibration of a LCR-meter with
the iSimulator to those obtained using the classical (artefact-
based) procedure. Moreover, the whole setup has been moved
to a calibration laboratory (esz AG Calibration & Metrology,
Eichenau, Germany) to perform an on-site demonstration of
the iSimulator performances. During one week, the iSimulator
has been used to calibrate an LCR-meter (model Agilent
4284A) at a frequency of 1kHz. The results have then been
compared to those obtained using the calibration procedure
of esz AG and are presented in the top part of Figure 2. For
comparison, the results obtained at METAS, using another
LCR-meter of the same type, are also presented in the bottom
part of Figure 2. Two connecting boxes have been used to
cover the capacitance range from 10 pF to more than 1 pF.

The difference between the two calibration methods is small-
er than the uncertainty bars which correspond to the com-
bined standard uncertainty k=1. These results clearly dem-
onstrate the potential of the iSimulator which provides much
more detailed information on all the DUT ranges in a fully
automated manner. The uncertainties of the iSimulator are
comparable with the traditional procedure at least for
C>100 pF. Additional features that can be observed in
Figure 2 are the discontinuities in the gain error measured



with the iSimulator. Although the amplitudes of the jumps
are different for the two LCR-meters, the location of these
jumps on the capacitance axis is very similar. In fact, these
discontinuities appear at the transition between the various
ranges of the LCR-meter. The range transitions are also rep-
resented in the top part of Figure 2.

An important point to note is that some ranges (300, 3Q
and 30 Q) are simply not tested using the traditional method
based on capacitance standards while the use of the iSimulator
allows the characterization of every range of the LCR-meter. As
an illustration of the calibration capabilities of the iSimulator,
the gain error of a commercial LCR-meter (model Agilent
4284A) has been measured, at 1 kHz, over the whole complex
plane. The amplitude of the synthesized impedance Z- has
been varied from 100 Q to more than 10 MQ and the phase
has been set to every 10 deg between —go deg and +90 deg.

Figure 3 shows the gain error AG plotted over the whole com-
plex plane. The red circles are the measured values and the
coloured surface is shown as a guide to the eyes.

When observing the variation of AG along the radial axis, i.e.
at a given phase angle, a clear jump structure is visible as de-
scribed above.

Keeping the amplitude of the impedance constant and chang-
ing the phase from —go deg to +90 deg, a smoother variation
of AG is observed. However, the amplitude of the variation can
still be significant, especially when high impedances are meas-

Textbox 2: Impedance Traceability Chain

The impedance traceability chain is described
in the schematics together with the uncertain-
ties needed at each traceability level. The pre-
sent realization of the primary standards for
AC voltage and current is based on two quan-
tum effects: the Josephson effect for voltage
and the quantum Hall effect for resistance
(see [12]-[14]). These standards have uncer-
tainties of a few parts in 108 up to frequencies
of 10 kHz (pyramid level 4). They are used to
precisely calibrate sets of capacitors, induc-
tors and ac resistors with uncertainties up to
20 uQ/Q (pyramid level 3). The calibration
instruments (e.g. an LCR bridge as shown in
the schematic) are then calibrated using these

ured. For a 10 MQ impedance, AG changes from about
—700pQ/Q to about +700pQ/Q when the phase changes
from —go deg to +90 deg.

Z=100Q Zc5 =12.906 kQ

100 10 102 10 10° 10 108 107
121(€)

4: Combined standard uncertainty (k=1) on the gain error AG (top) and
phase error Ap (bottom) as function of the impedance amplitude |Z|, at
three different frequencies. The uncertainty is independent on the phase ¢.
The impedance range covered by the two different connecting boxes is in-
dicated in the top part of the figure.

4 Uncertainties:

<0.05 pQ/Q

secondary standards with uncertainties in the
order of a few 100 uQ/Q (pyramid level 2).
These instruments are then brought to the
field where they perform calibrations with an

uncertainty level larger than mQ/Q level (pyr-
amid level 1).

iSimulator
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ISIMULATOR

Uncertainty budget

The uncertainties on the gain error, AG, and the phase error,
Ag, are plotted in Figure 4 as a function of the impedance
amplitude |Z], for three different frequencies, 100 Hz, 1kHz
and 10 kHz. The uncertainty is independent of the phase ¢ of
the impedance Z. The two different connecting boxes, needed
to cover the seven orders of magnitude in impedance ampli-
tude, are indicated in the top part of Figure 4. The discontinu-
ity in the uncertainty around 10kQ corresponds to the ex-
change of connecting boxes.

The uncertainty level obtained with the iSimulator are small
enough (<100 pQ/Q between 10 Q and 1 MQ) to be used for
the calibration of commercial LCR-meters.

Conclusion

A fully automated impedance simulator (iSimulator), capable
to generate impedances ranging from 1Q to 10 MQ, at arbi-
trary phase angle, over a large frequency range (from 100 Hz
to 20 kHz) has been developed. Performed both at METAS and
in an industrial calibration laboratory, the validation of the
instrument was achieved by calibrating a commercial LCR-
meter up to 20 kHz. The results of the iSimulator calibration
were compared to measurements carried out using the classi-
cal artefact-based method. The results are in very good agree-
ment, the uncertainties of the iSimulator even being smaller
than the one from artefact calibration at low impedance (i.e.
below 30 kQ). This validation clearly demonstrated the unique
capabilities of the iSimulator, based on its flexibility, broad
impedance and frequency range, full coverage of the complex
plane and its full automation. Using the iSimulator, METAS
will soon be the first National Metrology Institute to propose
calibration services of LCR-meters at any impedance over the
entire complex plane.
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Vollautomatischer Impedanzsimulator
Der Artikel beschreibt einen vollautoma-
tischen Impedanzsimulator (iSimulator).
Dieser ist fihig, Impedanzen im Bereich
von 1Q bis 10 M, mit einem beliebigen
Phasenwinkel und tiber einen weiten Fre-
quenzbereich (100 Hz bis 20 kHz) zu er-
zeugen.

Die Validierung des Instruments bis zu
einer Frequenz von 20kHz wurde durch
Kalibrierung eines handelsiiblichen
LCR-Meters im METAS sowie in einem
industriellen Kalibrierlabor durchgefiihrt.
Die Resultate mit dem iSimulator wurden
mit denen eines herksmmlichen artefaki-
basierten Verfahrens verglichen und sind
in guter Ubereinstimmung. Die Messunsi-
cherheiten sind fiir tiefe Impedanzen noch
kleiner als mit der traditionellen Methode.

Diese Validierung bestdtigt die ausseror-
dentlichen Fdihigkeiten und zeigt, dass der
iSimulator einen weiten Impedanz- und
Frequenzbereich in der gesamten komple-
xen Ebene abdecken kann. Mit diesen
vollautomatisierten Méglichkeiten wird
der iSimulator bei Impedanzkalibrierun-
gen eine wichtige Rolle spielen, sowohl in
nationalen Metrologieinstituten wie in
Kalibrierlaboratorien. Das METAS ist das
erste nationale Metrologieinstitut, das
Kalibrierdienstleistung fiir LCR-Meter in
der gesamten komplexen Ebene anbieten
kann und sich damit auch in Zukunft an
der Spitze der Impedanzmessung behaup-
ten will.

iSimulator

Simulateur d’ impédance

entierement automatisé

Un simulateur d'impédance entierement
automatisé (iSimulator), capable de gé-
nérer des impédances allant de 1Q a
10 MQ, avec un angle de phase arbitraire,
sur une large gamme de fréquences (de
100 Hz a 20 kHz) a été présenté.

Effectuée a METAS ainsi que dans un la-
boratoire d’étalonnage industriel, la vali-
dation de l'instrument a été réalisée par
I'étalonnage d’un pont LCR commercial
Jjusqu'a une fréquence de 20 kHz. Les ré-
sultats de I'étalonnage obtenus avec IiSi-
mulator ont été comparés a ceux effectué
a l'aide d’une méthode classique. Les ré-
sultats sont en trés bon accord, les incer-
titudes du iSimulator étant méme infé-
rieures a la méthode traditionnelle pour
les basses impédances.

Cette validation a clairement démontré
les capacités uniques du iSimulator, ba-
sées sur sa flexibilité, ses larges gammes
d’impédance et de fréquence, et de sur-
croft sa couverture compléte du plan com-
plexe, le tout effectué de maniére totale-
ment automatique. Dans un proche
avenir, cet instrument va certainement
Jjouer un réle privilégié dans le domaine
des étalonnages d'impédance, a la fois
dans les instituts nationaux de métrologie
et les laboratoires d’étalonnage. Dans ce
contexte, METAS est le premier institut
national de métrologie a proposer des ser-
vices d’étalonnage de pont LCR sur I'en-
semble du plan complexe, se maintenant
ainsi a la pointe dans les mesures d’impé-
dance grdce au iSimulator.

Simulatore di impedenza
completamente automatizzato

E stato presentato un simulatore di impe-
denza interamente automatizzato (iSi-
mulator) in grado di generare delle impe-
denze comprese tra 1Q e 10 MQ, con un
angolo di fase arbitrario, su una ampia
gamma difrequenze (da 100 Hz a 20 kHz).

La validazione dello strumento, effettua-
ta presso METAS e in un laboratorio di
taratura industriale, é stata realizzata
tramite la taratura di un ponte LCR com-
merciale fino a una frequenza di 20 kHz.
I risultati della taratura ottenuti con I'iSi-
mulator sono stati confrontati con quelli
acquisiti con 'ausilio di un metodo classi-
co. | risultati concordano molto bene e le
incertezze dell’iSimulator sono perfino
inferiori al metodo tradizionale per le bas-
se impedenze.

Questa validazione ha dimostrato chiara-
mente le capacita uniche dell’iSimulator,
basate sulla sua flessibilita, le sue ampie
gamme di impedenza e di frequenza e per
di pivi la sua copertura completa del piano
complesso, il tutto effettuato in maniera
completamente automatica. In un prossi-
mo futuro questo strumento svolgerd si-
curamente un ruolo fondamentale nel
campo delle tarature di impedenza, sia
negli istituti nazionali di metrologia che
nei laboratori di taratura. In questo con-
testo, METAS sard il primo istituto nazio-
nale di metrologia a proporre dei servizi di
taratura di ponte LCR sull’insieme del
piano complesso, mantenendosi cosi ai
vertici nelle misurazioni di impedenza gra-
zie all'iSimulator.
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METAS sponsors Capacity Building in Metrology

During the summer 2016 the BIPM and the Italian Physical Society were jointly running a Metrology School
«Metrology: from physics fundamentals to quality of life» in Varenna (Italy). In this context METAS spon-
sored a capacity building program in conjunction with the BIPM, aiming to create opportunities for a limited
number of participants from States that have emerging metrology systems. The three award winners Dennis
Mkhize, Alejandro Savarin and Yljon Seferi could combine their attendance at the Metrology School with

a short placement at METAS. During their internship of several weeks they received a dedicated training and
pursued a specific metrology topic of interest. Each of the three scientists had the opportunity to shortly

report hereafter about his experience at METAS.

, S

}

| am an engineer from the National Institute of Industrial Tech-
nology (INTI) — the national metrology institute of Argentina
— where | work on the dissemination of the force magnitude. |
took part in the «Enrico Fermi» International School of Physics
in Varenna (ltaly), where the main topics were about the fun-
damentals of metrology: propagation of uncertainty, how the
main scales in the different quantities are realized and the new
concepts to redefine de international System of Units (SI) us-
ing fundamental constants like the Planck constant or the
Avogadro number. In several poster sessions the attendees
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Alejandro Savarin — from the National Metrology Institute of Argentina
(INTI) — studied at METAS the influence quantities when using multiple
force transducers working in parallel.

presented their development in different areas which led to
interesting discussions.

After this week | started my training at METAS. The aim of the
training project was to study the influence quantities when
using multiple force transducers working in parallel, the so
called build up system. Related to this topic | have calibrated
force and torque transducers by using primary standards. To-
gether with Christian Wiithrich, head of the laboratory Mass,
Force and Pressure, we debated the topics involved in this kind




of measurement: why it is done in this way, how to improve
measurements, and what sources of uncertainty have to be
taken into account.

In addition several tests were performed on four fiber optic
force transducers according to OIML R6o. Linearity and ther-
mal behavior of a set of fiber optic «twist lock» force trans-
ducer were investigated. The use of optical fibers is a rela-
tively new technology for force measurements, so several
hypotheses emerged about how the system was operating.

Due to limited time and equipment availability, several topics
were discussed at a «round table». How to test dynamic weigh-
ing systems for highways? Furthermore we discussed the dif-

Dennis Mkhize — from the National Metrology Institute of
South Africa (NMISA) — carried out at METAS physical and
chemical analyses of a wide variety of alcohols from different
matrices.

| just recently completed my PhD in Chemistry at the Univer-
sity of Johannesburg, with sponsorship from the National Me-
trology Institute of South Africa (NMISA). | received a place-
ment opportunity for training at METAS, Switzerland, where |
took part in a collaborative project with the NMISA for the
analysis of alcohols in alcoholic beverages under the supervi-
sion of André Marti and Sharona Perrin. The work pertaining
to this project was carried out at the Alcohol Analysis Labora-
tory (AAL) at METAS, which conducts physical and chemical
analyses of a wide variety of alcohols from different matrices.

Internship

ferent ways to obtain a good traceability of secondary stand-
ards using build up systems and their uncertainty analysis.
Besides this, we studied and discussed the interaction and
correlation between transducers when used in build up sys-
tem, and finally design criteria for both systems and individual
transducers.

All this work was done, in my opinion, with professionalism
and in a relaxed atmosphere where cooperation and debate
about the topics was the predominant pattern. People in the
city of Bern, and especially at METAS are very friendly, some of
them really funny, and despite cultural differences — food and
other topics related to my country — | felt like home.

| gained numerous skills upon completion of my training, such
as linking metrological traceability to the quantitative analysis
of alcohols in beverages, estimating the uncertainty of mea-
surement in this application and establishing the best sample
preparation approaches for this measurement.

One of the most important skills | learned at METAS was the
use of different instrumentation for the analysis of alcohols in
alcoholic beverages. For instance, the use of high performance
liquid chromatography with refractive index detection (HPLC-
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RID) and gas chromatography with flame ionisation detection
(GC-FID) and mass spectrometry (GC-MS). Furthermore, the
use of different sample preparation techniques for different
types of alcohol-containing samples was investigated. These
newly-acquired skills could also be useful in the South African
context in the analysis of local (South African) alcoholic bever-
ages. Another important skill obtained was that of the prepara-
tion of ethanol certified reference materials (CRMs) and their
use for the calibration of the alcohol breathalyser.

The training at METAS was followed by attendances at the
Metrology School of Physics and Chemistry, Varenna (ltaly),
where | attended lectures on «Fundamentals in Metrology»

and «Metrology for the Quality of Life». An introduction to

In 2007 | graduated from the Polytechnic University of Tirana

in Albania as an Electrical Engineer. Once | completed my stud-
ies, | focused my professional career on the industry sector,
where | realized the high importance that measurement has
on industrial processes. This experience reinforced my interest
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Metrology and its applications in «everyday life»> was clearly
demonstrated. One of the most important topics discussed at
the school was that of the redefinition of the Sl base units and
the experiments currently underway to realise these defini-
tions. The attendance at the school included a poster presenta-
tion, for which | was happy to receive an award for the Best
Poster Presentation for my poster entitled: «The development,
calibration and application of molecularly imprinted mem-
brane-passive samplers for monitoring polychlorinated biphe-
nyls (PCBs) in South Africa (SA)». The work presented high-
lights from the research conducted during my PhD studies.

Yljon Seferi — from the General Directorate of Metrology in Albania —
performed at METAS calibration and type testing to the power quality
functions of smart meters.

in the field of electrical measurements, so | decided to apply
in 2013 for a position at the General Directorate of Metrology
which is the only specialized public institution in our country
that deals with scientific, industrial and legal activities in the
field of metrology.



From the beginning | focused my work in the laboratory of
electrical quantities where | contributed actively in the estab-
lishment of the new laboratory of power and energy, enabling
in the meantime calibration services for the customers and
supporting legal metrology on its task.

At this moment we felt satisfied, but it was not enough because
the traditional electricity network began to be more oriented
on smart technologies following the experience of other coun-
tries, and to afford these changes also the laboratory of power
and energy was committed to raise its technical and profes-
sional capabilities.

EURAMET through its metrology research programme EMRP
awarded to me an «Early-Stage Researcher Mobility Grant»
(ESRMQ), related to the joint research project «Measurement
tools for Smart Grid stability and quality», Smart Grid II.

Nowadays modern regulations require utilities to guarantee a
defined level of power quality, limiting, e.g. surges, swells, long
and short interruption. The current state-of-the-art is verifica-
tion and testing of electricity meters following the require-
ments of legal metrology directives. These regulations do not
cover additional power quality functions, which leaves their
characterization untraceable.

The goal of my work here at METAS in the group of Christian
Mester is to perform calibration and type testing of the power
quality functions of modern electricity meters («Smart me-
ters»), thereby providing traceability to these functions, and
allow grid operators to rely on in real time and to use the func-
tions for grid monitoring. Moreover, power quality measure-
ments should become acceptable as proof in legal disputes.

Internship

The mobility grant | received would help metrology infrastruc-
ture in our country to acquire the competences needed to fur-
ther develop it, as well as to successfully participate in the fu-
ture in research projects in the framework of the European
Metrology Programme for Innovation and Research EMPIR.

During this period with the support of METAS | had the op-
portunity to participate in the Metrology Summer School
«From physics fundamentals to quality of life», which took
place in Varenna. The excellent metrology course, gave me a
full overview about the Metre Convention, the BIPM, the de-
velopment of measurement standards from early beginning,
as well as the huge work which is currently being done for the
redefinition of the units based on fundamental constants.

Before ending | can’t forget without saying some few words
about The Federal Institute of Metrology (METAS) as an excel-
lent institute with an excellent organization in all the contexts.

Everything is on its place and everyone is collaborative, moti-
vated, dedicated and very keen to develop the capabilities of
his/her job to a higher level. | am absolutely convinced that this
institute could be the best example for many other countries.
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VERANSTALTUNGEN/MANIFESTATION

Weiterbildungskurse Metrologie
Formation continue en métrologie

VNA Tools Il Course

The three day course provides a practical introduction into
the metrology software that has been developed for vector
network analyzes (VNA).

Date: 8-10 November 2016
Place: METAS, Wabern

VNA expert day

Date: 11 November 2016
Place: METAS, Wabern

Messunsicherheit und Konformititsbewertung

Der Kurs ermdglicht den Teilnehmerinnen und Teilnehmern,
die Konformitatswahrscheinlichkeit abzuschitzen, Annahme-
intervalle (bzw. Sicherheitsabziige) festzulegen, um ein vorge-
gebenes Mass an Zuverlassigkeit zu erreichen, sowie Risiko-
analysen durchzufiihren.

Datum:
Veranstaltungsort:

23./24. November 2016
METAS, Wabern

Grundlagen elektrische Kalibriertechnik

Der Kurs vermittelt die allgemeinen Grundlagen der Metrolo-
gie sowie ausgewahlte Kapitel der elektrischen Kalibriertechnik
in Theorie und Praxis. Teilnehmerinnen und Teilnehmer sind
in der Lage, die entsprechenden Messungen korrekt durch-
zufiihren, auszuwerten und zu dokumentieren sowie die Mess-
unsicherheit richtig abzuschatzen.

Datum:
Veranstaltungsort:

30. November/1. Dezember 2016
METAS, Wabern

Weitere Informationen und Hinweise zur Anmeldung finden Sie auf unserer Internetseite (www.metas.ch/kurs).

Fiir zusatzliche Informationen zum Kursangebot wenden Sie sich an: sekretariat@ metas.ch oder Telefon 058 387 01 11

Vous trouverez d’autres renseignements et remarques sur 'inscription sur notre site Internet (www.metas.ch).

Pour tout complément d’information sur I'offre de cours, veuillez vous adresser a: sekretariat @ metas.ch ou au 058 387 01 11
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