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Activities from

CEM Electricity and Magnetism Division

The activities of the Electricity and Magnetism Division are mainly directed to give

fulfilment to the following fundamental points:

a) Establishment, maintenance, conservation, development and dissemination of the
national standards of/for the measurement units corresponding to the electrical
quantities in DC and LF. Therefore, the requirements established in the Mutual
Recognition Arrangement are fulfilled in their entirety:

- Participation in international key comparisons.

- Declaration of the optimal Calibration and Measurement Capabilities, CMC.

- Implantation of a quality system in the laboratories of the Electricity Division.
b) Execution of research, development and technological innovation projects: National
and EMPIR projects.
c¢) Search and optimisation of methods for the improvement of uncertainty values, the
extension of the existing measurement ranges and the beginning of activities in new

quantities.

The technical activities can be summarised as follows:

DC Voltage

Routine calibrations of Zener references and high accuracy voltmeters with the
Josephson conventional standard are going on. Additionally, we routinely calibrate DC

voltage and current meters and sources too with conventional systems.

A new automatic calibration system up to 1 000 V based on the Step Reference Method
was set up. It has been compared with multimeters calibrated with the Josephson

standard in order to validate it.



CEM nparticipated in the QuADC project and characterised the dividers and buffer
amplifier developed in the project with respect to temperature, humidity, pressure and

voltage level dependence. Furthermore, it led the Impact work package.

The first phase of the project to develop a new low current measuring system based on
the method of charging capacitors has been completed. It allows to measure low
currents and also capacitors on DC. Now, we plan to extend the system to generate
current not only to measure but to combine with a voltage source to calibrate high value

resistance standards

DC Resistance

The high resistance dual source bridge has been fully updated with a new source, new
electrometer and new software. The Type A uncertainties have improved by a factor of

3.

The lab participated in the now finished GRACE project, working mainly in the

development of electrical characterization of graphene sheets by contact methods.

A new services of calibration of resistance ratio bridges have been presented in the

EURAMET.EM.16.2019 review process. Now it’s in the Inter-RMO review phase.

Calibration of standard resistors and reference groups is ongoing.

AC laboratory

The set of measurement to step-up for voltage and current have been completely
repeated and the results are fully compatible with the last realization.

Perform routine calibration of customers thermal converters, calibrators, digital
mustimeters and ac/dc difference of resistors and resistive dividers.

The laboratory has actively participated in the CPEM 2020 with an oral presentation.

A new step up digital chain has been performed as an activity of the DIG-AC project.



Power and Energy Standards

Within our participation in the project TRACE-PQM, in collaboration with Ireland NMI

staff, the new software developed during the project was validated at CEM facilities.

An automated high accuracy current transformer developed by NMIA has been

acquired. Integration in our system is in progress.

Besides, the CEM Measurement Assurance Program (MAP) continues in order to
ensure the traceability of the electrical energy measurement in Spain. This program is

based on a set from RADIAN travelling standards.

Impedance

The laboratory continues with the activities leading to the impedance standards
maintenance and dissemination.

A digital impedance bridge for the realisation of the inductance scale in the range of
acoustic frequencies is under development.

The reference capacitor has been calibrated at BIPM.



Participation in EMPIR projects (2017-2021)
15RPTO04 Trace PQM: Traceability routes for electrical power quality measurements.
15S1B04 QuADC: Waveform metrology based on spectrally pure Josephson voltages.
16NRMO1 GRACE: Developing electrical characterisation methods for future
graphene electronics.
17RPTO03 DIG-AC: 4 digital traceability chain for AC voltage and current.
19RPTO1 Quantum Power: Quantum traceability for AC power standards.
20FUNO3 COMET, Two dimensional lattices of covalent- and metal-organic
frameworks for the quantum Hall resistance standard. This new project has been

approved and it will begin in June. It’s coordinated by CEM.
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