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This report presents the recent research activities in electricity and magnetism performed at
Inmetro to support the confidence-building mentioned in the CIPM Mutual Recognition
Arrangement (CIPM MRA).

Research and Development
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Voltage

Current

A current primary standard based on Ohm’s law in the range between nanoampere and
milliampere is under development. It is done by the integration of a standard resistor,
directly calibrated using a Quantum Hall System, and a Josephson Voltage Standard. So
far, a 5730A Fluke calibrator, working as a DC current source, was calibrated in the range
of 50 pA to 10 mA, with uncertainties ranging between 0.5 uA/A and 4.6 pA/A.

Resistance

The Inmetro achieved international recognition of its dc quantum Hall system (QHS)
through the approval of the CMC for the 1 Q and 10 kQ ranges on 2023-12-21. The good
results obtained in the BIPM.EM-K13.a&b key comparison supported such CMC (see
below Inmetro participation in the comparisons performed by BIPM).

The new services provided in the abovementioned ranges have improved the calibration
uncertainty in terms of the Inmetro best capability from 0.25 p€/Q to 0.068 pu€/Q in the
1 Q range and from 0.15 p/Q to 0.036 p€/Q in the 10 kQ range. As a result of such
improvement, Inmetro can now calibrate its standards on national territory, no longer
needing to send them for calibration at the BIPM.

Participation in the BIPM.EM-K12 comparison, which involves onsite measurements of
100 Q standards against the Inmetro QHS and the BIPM transportable QHS and their
scaling to the 10 kQ/100 Q and 100 Q/1 Q ratios, is planned for 2027 (see below Inmetro
participation in the comparisons performed by BIPM).

A measuring system based on the modified Wheatstone bridge is under development to
measure dc resistance from 1 GQ to 100 TQ.

Impedance

Traceability chain to derive the capacitance unit from the dc quantum Hall effect. The
calculable resistor, the quadrature bridge, and the inductive voltage divider calibration
system based on the bootstrap method are under development.

Inmetro uses an in-house built digital sampling bridge for accurate ac resistance (in-
phase) and capacitance (quadrature) measurements since 2017. We are working on
improvements to this system, including the development of a professionally built
multilayer PCB for the analog circuit, which may lead to extension on the operating
range and reduction of uncertainties.



(e) Power

- A PMU calibration system is under development to provide traceability to our Fluke
6135A PMU calibration system.

- Development of a measuring system for electrical disturbances related to power quality.

- Development and construction of an automated wideband voltage divider in cooperation
with the Physikalish-Technische Bundesanstalat (PTB) for use in electric power and
harmonics measurements.

(f) High voltage

- Traceability of AC high voltage (HV) measurements from national low voltage (LV)
standards. The methodology involves characterizing a reference HV potential transformer
using an HV capacitance bridge and HV and LV standard capacitors.

- Implementation of a Hybrid Reference Measurement System to support the electrical
sector infrastructure by calibrating conventional HV potential transformers (PTs) and
Low-Power Instrument Transformers (LPITs), especially with IEC 61850 output. This
includes ensuring traceability for measurement chain components such as Merging Units,
Stand-Alone Merging Units, and Intelligent Electronic Devices (IEDs), which are key
elements in high-voltage transduction for digital substations.

- Traceability of DC HV measurements to LV measurements based on the ‘binary step-up’
procedure, aiming at characterizing the HV DC resistive divider using national low-
voltage standards.

- Traceability of HYAC measurements at harmonic frequencies for the power quality (PQ)
operational range (initially from 50 Hz to 3 kHz), through the development of an
expandable multi-harmonic reference measurement system from low voltage to high
voltage.

(9) High current

- Implementation of a Hybrid Reference Measurement System to support the electrical
sector infrastructure by calibrating conventional CTs and LPITs (especially with IEC
61850 output), ensuring traceability for measurement chain components such as Merging
Units, Stand-Alone Merging Units, and IEDs, which are crucial in high-current
transduction for digital substations.

- Traceability of High Current AC measurements at harmonic frequencies for the PQ
operational range (initially from 50 Hz to 3 kHz), through the development of an
expandable multi-harmonic reference measurement system from low to high current.

(h) Digitalization
- Development of an integrated web system for data processing related to calibration and
lab management.

Regional Project

(i) Regional project among Inmetro (Brazil), INTI (Argentina) and UTE (Uruguay), funded
by the Brazilian government, to build a reference system for measuring electric power up
to 100 kHz.

International Comparisons

(a) Bilateral comparison of 1 Q and 10 kQ standards (ongoing BIPM key comparisons
BIPM.EM-K13.a and 13.b) between the INMETRO (Brazil) and the BIPM - Inmetro e
BIPM — from Nov-2020 to Sept-2021.

(b) CCEM-K6a/K9 Key Comparison of AC-DC Voltage Transfer Standards (Ac-dc voltage
transfer at 3 V, 500 V e 1000 V). Started in 2018. Inmetro’s measurement report sent in
February 2020.

(c) CCEM-K12.2025. Key Comparison of AC-DC current transfer standards. Started in
2025. Inmetro’s measurements are scheduled to June 2025.



(d) SIM.EM-S13: Comparison of voltage, current and resistance — from 2017 to 2022.
(e) CCEM-K5 Key comparison of electric power. Inmetro’s measurement report sent in

January 2021.

(f) SIM.EM-S18 Comparison — from 2023 to 2025 — Comparison of voltage ratio standards

— Voltage Transformer up to 40 kV.

(9) BIPM.EM-K12: Quantum Hall resistance standards and their scaling to other resistance

values — May/June-2027 (planned).
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