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Metrology - science of measurement and its applications

Metrology  

Why measure?

Measuring instruments

Metrological regulation

Internationally agreed 
technical requirements

Eliminate 
technical barriers 

in trade

Ensure fair trade 
exchanges

Taking care of 
the environment, 
ƘŜŀƭǘƘΣΧ

Ensure reliable 
measurements



Since ancient times mankind was aware 
that there are certain quantities that are 
measurable, i.e., that can be compared 

Measurements have been based on 
artefacts over thousands of years, most 
prominently, the international prototype 

of the kilogram, the IPK 

In 2018, the General Conference on Weights 
and Measures, CGPM, abolished all artefacts 
in a revolutionary decision defining the Inter-
national System of Units, the SI, by fixing the 

numerical values of 7 defining constants

 

Metrology  

h = 6,626 070 15 × 10 - 34 J ẗs
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Units of 
Measurement

Standards
Measuring 

Instruments

Essential to fundamental research

Highly accurate measurements

Reduced uncertainty

Developing new and better 
measurement capabilities

Scientific progress

Metrology Mission: To assurethe accuracyand the traceability of the measurements

in Portugal, realizing the Constitutional purpose of sovereign national measuring

standardsand realizingthe metrological control of measuringinstrumentssatisfying

the Portugueseindustrialand societyneeds.

Metrology  

Metrology - science of measurement and its applications



National Metrology  

Å Laboratório - 52 domínios técnicos

Å Departamento Metrologia  ~40 técnicos 

Å 2 200 m2 Área Laboratorial

Å 10 000 m2 Área Coberta

Å Sistema  Autossustentável

V Metrologia Científica 

V Metrologia Aplicada

V Metrologia Legal

V Museu de Metrologia 

Å Laboratory - 52 technical domains 

Å Metrology Department staff - 40 people  

Å 2 200 m2 Laboratory Area 

Å 10 000 m2 Covered Area

IPQ́s responsibilities as the National Metrology Institutiondevelops 

activities in the fields of:

Å Scientific Metrology- assures the realization and 

implementation of the SI units and national standards 

Å Applied Metrology - assures the national traceability chain of 

measurement reference & industrial standards of accredited 

laboratories 

Å Legal Metrology - is the national authority to assure and 

manage the legal metrological control system of the measuring 

instruments of current measurements-final users: Pattern 

Approval, Verification of Speed meters and Breath analysers and 

Qualification and Coordination of Metrological Verification 

Entities 



IPQ
National de Metrology Institution

IPQ
National de Metrology Institution

Scientific

Metrology

Scientific

Metrology

NML
IPQ ςLNM

DI (IST ςLMRI)

DI (IH ςLQPM)

DI (UHM ς LNEC)

NML
IPQ ςLNM

DI (IST ςLMRI)

DI (IH ςLQPM)

DI (UHM ς LNEC)

Applied 
Metrology

Applied 
Metrology

IPQςNML

Accredited 
Calibration 
Laboratories
NP EN ISO/IEC 
17025 and ISO 
17034

IPQςNML

Accredited 
Calibration 
Laboratories
NP EN ISO/IEC 
17025 and ISO 
17034

Legal 
Metrology

Legal 
Metrology

IPQ

DR - Autonomous Regions 

(Madeira + Açores) 

SMM & SCM (Public Metrology Services)

OVM (Metrological Verification Bodies)

R&I (Installers  & Repairs)

IPQ

DR - Autonomous Regions 

(Madeira + Açores) 

SMM & SCM (Public Metrology Services)

OVM (Metrological Verification Bodies)

R&I (Installers  & Repairs)

Meter Convention

Convention du Mètre (1875)
ComitéInternacional
des Poidset Mesures

Accord de RèglementMutuel
(CIPM - MRA)  (1999)

Å National Standards 
Å Interlaboratory Comparisons
Å Quality Management System 
Å 150 CMC (Calibration and Measurement Capabilities )

1984 - OIML

1987 ς EURAMET

1990 ς WELMEC

1875 ς Convention 
du Mètre

Portugal signed the 
Meter Convention on 
20th May 1875, in the 
first group of 17 
signatory countries

National Metrology Subsystem

National Metrology  
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JCGM Publications: Guidesin Metrology

VIM: International Vocabulary of 
Metrology

www.bipm.org/en/committees/jc/jcgm/publications

GUM: Guide to the Expression of 
Uncertainty in Measurement

SI Brochure: The International 
System of Units (SI)

Metrology ςBasic Concepts

http://www.bipm.org/en/committees/jc/jcgm/publications


2.1 ς measurement : process of experimentally obtaining one or more quantity values that can 

reasonably be attributed to a quantity

Á Measurement does not apply to nominal properties.

Á Measurement implies comparison of quantities or counting of entities.

Á Measurement presupposes a description of the quantity commensurate with the intended use of a measurement 

result, a measurement procedure, and a calibrated measuring system operating according to the specified 

measurement procedure, including the measurement conditions.

International vocabulary of metrology ïBasic and general concepts and associated terms (VIM)

Metrology ςBasic Concepts

2.13 - measurement accuracy: closeness of agreement between a measured quantity value 

and a true quantity value of a Measurand  

Á A measurement is said to be more accurate when it offers a smaller measurement error.



Indication of Measuring Instrument

Error

True Value

Uncertainty

2.16 - measurement error

measured quantity value minus a reference quantity value

International vocabulary of metrology ïBasic and general concepts and associated terms (VIM)

2.17 - systematic measurement error

component of measurement error that in replicate measurements remains constant or varies in 

a predictable manner

2.19 - random measurement error

component of measurement error that in replicate measurements varies in an unpredictable manner

Metrology ςBasic Concepts



2.26 - measurement uncertainty

non-negative parameter characterizing the dispersion of the quantity values being attributed to a 
measurand , based on the information used

International vocabulary of metrology ïBasic and general concepts and associated terms (VIM)

Metrology ςBasic Concepts

2.9 - measurement result

set of quantity values being attributed to a measurand  together with any other 

available relevant Information

Y = y ± U
mS = (100,021 ± 0,035) g



Traceability chain of reference 
standards in Portugal

2.16 ς metrological traceability 

property of a measurement result whereby the result can be related to a reference through

a documented unbroken chain of calibrations, each contributing to the measurement

uncertainty measured quantity value minus a reference quantity value

International vocabulary of metrology ïBasic and general concepts and associated terms (VIM)

Metrological traceability requires an established calibration hierarchy.

Metrology ςBasic Concepts



Traceability chain of reference 
standards in Portugal

2.16 ς metrological traceability 

property of a measurement result whereby the result can be related to a reference through

a documented unbroken chain of calibrations, each contributing to the measurement

uncertainty measured quantity value minus a reference quantity value

International vocabulary of metrology ïBasic and general concepts and associated terms (VIM)

Metrological traceability requires an established calibration hierarchy.

Metrology ςBasic Concepts



The new SI



ÅObjective

More accurate and rigorousMeasurement System  

Science, Research and Technological Developments 

ÅAnd to Support

The new International System of Units (SI)officially approvedon November 2018 following  

26th General Conference of Weights and Measures (CGPM), the highest body of the Meter 

Convention of which Portugal is a founding signatory (1875) andadopted in 20th May 2019.

ÅNew ParadigmChange- newdefinitionsuseάexplicit constantέformulation(insteadof

άŜȄǇƭƛŎƛǘǳƴƛǘέύΣwhichallows separatethe definition from the realisationof the units, based

on the physicsequations;

ÅNew SI is called as Quantum SI ­ units are defined considering microscopic  

properties and considering the quantum nature of phenomena  

­ the previous definition of kgςbased on an artefact consisting of many atoms Ҧ

is now replaced by the definition using Planck constant h

International System of Units  



New SI ς 26th CGPM
Definition of units 

through fundamental 
constants

New 
Definition

New 
Definition

New 
Definition

1st CGPM

Evolution of the SI

International System of Units (SI) - system of units, used around the world as the preferred basic language for science, technology, 

industry and trade since it was established in 1960by a resolution at the 11th meeting of the General Conference on Weights and Measures 

(CGPM) of BIPM

ς It has been periodically updated - to keep up with the science developments and answer the need for more accurate measurements and in the 
new technical domains;

ς Unique and Coherent

ς Ensures the worldwide uniformity of Measurement and Traceability

International System of Units  
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ς But ... the seven base units of the SI, the kg was still defined 

(based) in terms of the mass of an artifact ­ international 

prototype of the kilogram IPK, kept in the BIPM - which is not 

stable ....

IPK - international 

prototype of the kilogram 
(platinum-iridium alloy)

Drift observed in the six copies of the 
international kilogram prototype (comparisons in 

1889, 1946, 1991e 2014)   º50 µg  

International System of Units  



Definition of the unit of measure

Material 
measures

e.g. International prototype 
of kilogram

e.g. International prototype 
of kilogram

Material parameters

e.g. Triple point of water ςto 
define the kelvin

e.g. Triple point of water ςto 
define the kelvin

Ideal experimental 
prescriptions

e.g. Ideal situation to define 
ampereand candela 

e.g. Ideal situation to define 
ampereand candela 

Fundamental 
constants

e.g. Speed of light in vacuum, 
c, to define the metre

e.g. Speed of light in vacuum, 
c, to define the metre

Until November 2018: 

International System of Units  
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Situation in 2018 ςbefore26th General Conference on Weights and Measures

- 3 definitions based on fundamental constants
(or conventional values) 
Å metre (c) 
Å ampere (˃ 0) 
Å candela (Kcd) 

- 3 definitions based on the properties of       
materials
Å second (133Cs) 
Å kelvin (H2O) 
Å mole (12C) 

- 1 definition based on an artifact 
Å kilogram  (IPK) 

c

m (K)

n (fth Cs)

mo Tpta 

M (12C) 

Kcd 

International System of Units  



International System of Units  

Uncertainty Values in2018 - before26th General Conference on Weights and Measures

ҍ metre: speed of light in vacuum 10-11

ᵼnumerical value of the speed of light c

* mechanical quantities

ҍ kilogram: prototype of iridium platinum 10-9

* mechanical quantities

ҍ second: atomic cesium clock 1 ns 

ҍ ampere: implementation of Laplace's law

ᵼmagnetic permeability in vacuum  ˃0                                                           10-7

* electrical quantities

ᵼquantum standards KJe RK                                                                                             10-8

ҍ kelvin: triple point of purewater 1 ˃ Y
* thermal quantities

ҍ mole: number of atoms in 0,012 kg of 12C 10-8

* physicochemical, chemistry, biochemistry, biology

ҍ candela: spectra for human vision 10-4

* photometric and radiometric quantities
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kilogram 

metre 

second 

ampere 

kelvin 

candela 

mole 

Åthe Planck constant h is 6,626 070 15 × 10ī34 J s

Åthe speed of light in vacuumc is 299 792 458 m/s

Åthe unperturbed ground state hyperfine transition frequency of the cesium 133 atom ȹɜCs is  9 192 631 770 Hz

Åthe elementary charge e is 1,602 176 634 × 10ī19 C,

Åthe Boltzmann constant k is 1,380 649 × 10ī23 J/K,

Åthe luminous efficacy of monochromatic radiation of frequency 540 × 1012 Hz, Kcd, is 683 lm/W

Åthe Avogadro constant NA is 6,022 140 76 × 1023 molī1

Since May 20, 2019 - The International System of Units, the SI, is the system of units in which: the 7 constants are chosen in such a way 
that any unit of the SI can be written either through a defining constant itself or through products or quotients of defining constants

The numerical values of the seven defining constants have no uncertainty!

The newSI
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metre

second

ampere

kelvin
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mole

Practical Realization of Base Units

Å In the new formulation of the SI, the definitions allow the use of new

methodsfor the practicalrealizationof units - insteadof eachdefinition

specifyinga particular condition or physicalstate, which establisheda

fundamentallimit for the accuracyof the realization­ it is now possible

chooseany equation of physicsthat links the respective fundamental

constantsto the quantity to be measured!

Å Different Realizations - the new definitions are not limited to a single 

technique ­ future developments may allow different ways of realizing 

units with better accuracy - in principle, there is no limit to the accuracy 

with which a unit can be implemented!

The newSI
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Practical Realization of Base Units

Quantum Standards

Josephson 
Voltage 

Standard 
+

Quantum Hall 
Resistance  

Single 
Electron 

Tunnelling

Kibble 
Balance

Josephson 
Effect

Quantum 
Hall Effect

The newSI



Previous definition

The kilogram is the unit of mass; it is equal to the mass of the international prototype of the kilogram (IPK).  It follows that the mass of the 

international prototype of the kilogram is always 1 kilogram exactly, m(K) = 1 kg. 

                                 (3rd CGPM,1901)

26th CGPM - 2018
The kilogram, symbol kg, is the SI unit of mass. It is defined by taking the fixed numerical value of the Planck constant h to be 6,626 070 15 × 10ҍоп when 
expressed in the unit J s, which is equal to kg m2 sҍ м, where the metre and the second are defined in terms of c and ɲC˄s.

h = 6,626 070 15 × 10ҍоп  kg m2 s-1
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Thenumberchosenfor the numericalvalueof the Planckconstantin this definition issuchthat at the time of its
adoption, the kilogram was equal to the massof the international prototype, m(K) = 1 kg, with a relative
standarduncertaintyof 1 × 10ҍ8 (whichwas the beststandarduncertaintyof the combinedbestuncertaintiesof the
Planckconstant)

Practical Realization of Base Units - kilogram

The newSI ςPractical Realisation of kilogram



Practical Realization of Base Units - kilogram

In the past few decades, significant efforts have been made to link the 
unit of mass to a fundamental constant of physics with high accuracy: 

Crystalline silicon sphere

The primary realization of the kilogram can be performed using any physics equation that relates mass, Planck's 

constant, the speed of light in a vacuum and the frequency transition of the 133Cs atom

x-ray crystal density technique 
(to determine Avogadro constant NA)

Kibble balance 
(to measured Planck constant h)  

The newSI ςPractical Realisation of kilogram



Practical Realization of Base Units - kilogram

Electrical Power Ú Mechanical Power

Two Phases

ÅStatic phase: weighing of the artefact                                   
(that we want to determine the respective mass)

ÅDynamic phase: determination of a movement 

BIPM relative standard uncertainty for realizing the new 
kilogram definition using Kibble balance º5 ³10-8 

The newSI ςPractical Realisation of kilogram



Practical Realization of Base Units - kilogram

m g = I L B

In a perfect alignment of the system 
­ Balance between 

Å Laplace force (a coil of length L in 
which flows a current I when the coil 
is immersed in a magnetic field B)

Å Gravitationalforce (weight m · g of a 
standard mass m

subject to a gravitational acceleration g)

Static phase: weighing of the artefact

- horizontal and circular coil                
- horizontal and radial magnetic field

The newSI ςPractical Realisation of kilogram



Practical Realization of Base Units - kilogram

Dynamic phase: determination of a movement

the coil is moved at a vertical velocity n in the same 

magnetic field B 

        U = n L B

U I = m g vU = n L B

m g = I L B

gv

1
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h

i

fn

gv

1

R

U
m

222

ÖÖ=Ö=

Equality of Mechanical and 
Electrical Power

U = hf / 2e­ Josephson Effect

R=  h / e2 ­ Quantum Hall Effet

- GaAs / AlGaAs
Heterostructures
- Graphene samples (Nobel 
Prize Physics 2010)

Josephson junctions' array
SINIS (supercondutor - isolador - 
metalnormal - isolador ς 
supercondutor)

The newSI ςPractical Realisation of kilogram



The newSI ςJosephson Effect

V

I

Tunnel 
barrier 
(Isolator)

Superconductor
(metal)

f

SIS - Nb /Al2O3 /Nb

ºmV

Superconductor
(metal)

Josephson Effect ςobserved in 1962 by Brian Josephson (Nobel Prize in Physics in 1973) - allows to base the representation     
of the volt in terms of fundamental constants

Å Superconducting electrodes are separated by a tiny gap or insulating  layer (º nm) ­ Josephson junction 

Å Cooled below their transition temperature (~ 4,2 K)

Å Exposed to microwave radiation with a frequency f and a bias I  applied

Å Superconducting state Ý formation of pairs of electrons ςCooper pairs 

Ý responsible for the existence of a superconducting current
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Å I < Ic Ý zero voltage in the junction terminals

Continuous Josephson Effect

ωI > IcÝ voltage V in the junction terminals and a current 

oscillation of electron pairs IJ at frequency  f
AlternateJosephson Effect
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Åchanging the polarization current Ý I J synchronizes with  f

Åάquantizedέ ǾƻƭǘŀƎŜ ŘŜǾŜƭƻǇǎ ŀŎǊƻǎǎ ǘƘŜ ƧǳƴŎǘƛƻƴ  af



Josephson constant - 1990 18th CGPM

GHz/V)0,2597,9(483 °==-
h

2e
K 90J

90J

J
K

fn

2e

hfn
(n)V

-

==

Shapiro steps

Curve V / I

f = 75 GHz - difference between two adjacent voltage 
steps º155 µV

Quantizedvoltage - voltage steps for multiple integers 
of V - proportional to the frequency of the radiation

Typicaluncertaintyº10-10Typicaluncertaintyº10-10

The newSI ςJosephson Effect



The newSI ςQuantum Hall Effect

Hall resistance
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von Klitzing Constant

Ĕ2 DEG existing in the interface semiconductor-semiconductor or in the semiconductor-isolator

Si ςMOSFET or HeterostructuresGaAs / Ga Al As

ĔLow temperatures (º1 K)

ĔHigh magnetic field (º10 tesla)

ĔDC Current ºµA
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Quantum Hall Effect ςdiscovered 1980 by Klaus von Klitzing (Nobel Prize in Physics in 1985)  - allows to base the 
representation of the ohm in terms of fundamental constants
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The newSI ςQuantum Hall Effect



The newSI ςFractional Quantum Hall Effect

In 1982, Tsui, Stormer e Laughlin 

Ĕ using GaAs/AlxGa1-xAs heterostructures 

Ĕ with high mobility values 

Ĕ¢ Ғ лΣм Y and. Ғ нл ¢ 

Ĕ observed new step of Hall resistance = 3 x RK (i = 1/3)

T = 0,15 K e B> 5 T : Rxy corresponding to a 
Landau fill levels for i = 1/3, 2/5, 3/5, 2/3, 

4/3 e 5/3 

Limitations:

The accuracy of RH in the fractional steps is still very low for 

metrological applications

(for i = 1/3 the accuracy is ºsome parts 10-5, with B= 20 T 

e T=150 mK



The newSI ςQuantum Hall Samples

ÅSi ςMOSFET

2DEG

(3 x 1,1) mm

GaAs

n-AlGaAs

p-GaAs
2DEG

600 nm

400 nm
10 nm

1 mm

AuGeNi
contacts

Substrato
GaAs

z

350-500 mm

ÅGaAs / AlGaAsHeterostructures

2 DEG is located in the inversion layer formed at the interface 

between two semiconductors - AlGaAsas an insulator

A B

A

BA B

A

B

Å QHARS ς Quantum Hall Array Resistance Standard 

series or in parallel ςincreasing the range of ohmic values by a single 
Hall sample

V between100We 10 MW

V allowing to use higher current values 

ÅGraphene samples (Nobel Prize Physics 2010)

Two-dimensional carbon crystals - By means of flip-chip technology, the graphene-based quantum resistance standards (from PTB) 
can be sealed to maintain constant properties even in changing environments and over long periods of time. 

Substrate Si, doped type p (impurities - holes), allows the isolation of voltage Vg. 
The contact area de (source S and drain D) is strongly doped type n+ (electrons), promoting 
the formation of ohmic contact to 2DEG. 

PTB flip-chip encapsulation of a 
graphene-based electric 

quantum resistance standard



The newSI ςPractical Realisation of ampere

Previous definition
The ampere is that constant current which, if maintained in two straight parallel conductors of infinite length, of 
negligible circular cross-section, and placed 1 metre apart in vacuum, would produce between these conductors a 
force equal to 2 × 10-7 newton per metre of length.

                            (9th CGPM, 1948)

26th CGPM - 2018
The ampere, symbol A, is the SI unit of electric current. It is defined by taking the fixed numerical value of the elementary
charge e to be 1,602 176 634×10ҍмф when expressed in the unit C, which is equal to A s, where the second is defined in terms 
of ɲC˄s.

e = 1,602 176 634 × 10-19 A s
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TypicalResults: Ý fmaxḐ1 GHzÝ ImaxḐ160pA
Metrology needsIḐ1 A˃

Limitations ­ low current values and high uncertainty (º± 10-7 )

Single-electron transport (SET)

SET devices

- allows the most direct unit realization of ampere using the physical 
definition of current and to count individual electrons with a tiny device 

SETŀƭƭƻǿǎ ǘƻ ŎƻƴǘǊƻƭ ǘƘŜ ŎƘŀǊƎŜ ǘǊŀƴǎŦŜǊ ŀƴŘ άǇǊƻŘǳŎƛƴƎέ ǉǳŀƴǘƛŦƛŜŘ ŎǳǊǊŜƴǘ 

ISET= nÖQXÖf¹nÖeÖf

f­ frequency

n =1 or 2 (1 electron/ Copperpair)

QX­ estimateof the elementarychargee Single Electron Transport device (source NIST)

The newSI ςPractical Realisation of ampere



The Quantum Metrological Triangle

The combination of three electrical quantum effects JE - QHE ςSET is called "Quantum Metrological 

Triangleά  - provides the accuracy of three quantum standards in the electrical domain

Josephson Effect:               VJVS= nÖfJ / KJ

Quantum Hall Effect:             RQHR= RK / i 

Single Electron Tunnelling:   ISET = QS fS

h

e2
KJ = 2K

e

h
R = QS = e 

Josephson
Effect

Quantum
Hall Effect

Single-electron
transport

h

e2
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2K
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f

f
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S

J
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integer numbers and frequencies ς
quantities that can be quantified 
experimentally with very high accuracy

Dexp­ the deviation from equality

uexp­ associated standard uncertainty

Experimental realization of QMT -

1 = 1 + Dexp ± uexp

Evaluates the consistency of the constants KJ - RK - QX 



The new SI - Nobel Prizes in Physics

1972- John 

Barden, Leon 

Cooper, John 

Schrieffer (BCS 

Theory²1957)

1985²Klaus 

von Klitzing
(Quantum Hall 

Effect²1980)

2010²Andre 

Geim, 

Konstantin 

Novoselov

(Graphen)

1973²Brian 

Josephson

(Josephson 

Effect²1962)

1988²D. Tsui, 

H. Stormer, R. 

Laughlin 
(Fractional 

Quantum Hall 

Effect²1982)

1918²Max Planck

(Theory of Energy 

Quanta²1900)

In 2018 - 26th General 
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R&D Activities in Quantum Metrology

Á The Strategic Research Agenda for Metrology in Europeidentified a requirement for further 

metrology in this area and several programmesand initiatives are underway:

ü European Metrology Network (EMN) for Quantum technologies

ü Metrology R&I Programmes

ü Quantum-Flagship

https://www.euramet.org/Media/news/G-GNP-STR-003_SRA_web.pdf
https://www.euramet.org/european-metrology-networks/quantum-technologies/?L=0
https://www.euramet.org/research-innovation
https://qt.eu/


R&D Activities in Quantum Metrology

ü Quantum-Flagship The Quantum Flagship: One of the most ambitious long-term 
research and innovation initiatives of the European Commission

TheQuantumFlagshipisa large-scaleinitiative fundedat the 1ōϵlevelon a 10-yeartimescale:

V Coherentsetof ResearchandInnovationProjectsselectedthrougha peer-reviewprocess;

V Callsfor Projects- issuedbasedon the CƭŀƎǎƘƛǇΩǎStrategicResearchAgenda,ensuringthat all actorsare alignedin the pursueof the

CƭŀƎǎƘƛǇΩǎgoals;

V Goal- to consolidateandexpandEuropeanscientificleadershipandexcellencein this researcharea,to kick-start a competitiveEuropean

industryin QuantumTechnologiesandto makeEuropea dynamicandattractiveregionfor innovativeresearch,businessand investments

in this field;

V > 5000Researchersresiding in all EUandassociatedcountriesinvolved;

V 140ResearchandInnovationActionsproposalssubmittedin responseof the first QuantumFlagshipcall

The Flagship works closely with Standardisation and Metrology Institutes(EURAMET) and the European committees for standardisation (e.g. 
CEN-CENELEC and ETSI-European Telecommunications Standards Institute ) to drive standardisation of quantum technologies.

https://qt.eu/


R&D Activities in Quantum Metrology

ü Quantum-Flagship The Quantum Flagship: One of the most ambitious long-term 
research and innovation initiatives of the European Commission

ü Quantum Communications: It has some of the most mature quantum technologies in quantum key distribution (QKD) and quantum 
random number generators (QRNG) as well as facing some of the most demanding challenges for quantum technologies, such as developing 

a pan-European quantum communication network, even a global network(Quantum Key Distribution; Quantum Repeaters; Quantum 
Teleportation)

ü Quantum Computing:.Quantum computation is among the most far-reaching and challenging goals of quantum technologies exploits 

quantum mechanicalphenomena(qubit (quantum bits) - Basicunit of informationin quantum computing - that can be zero and one                                          

at the same time and instantaneous correlations across the device)

ü Quantum Sensing & Metrology:In quantum-optical metrology and quantum imaging, quantum effects of light, and in particular 
quantum entanglement, are exploited to improve the sensitivity in phase measurements or the spatial resolution of optical systems and a 
new generation of quantum enhanced optical clockis now emerging showing significantly improved accuracy with respect to the present 
atomic clocks.

ü Quantum Simulations: Quantum simulators based on the laws of quantum physics will allow us to overcome the 
shortcomings of supercomputers and to simulate materials or chemical compounds, as well as to solve equations in other 
areas, like high-energy physics.

https://qt.eu/
https://en.wikipedia.org/wiki/Qubit


R&D Activities in Quantum Metrology

National Project PTQCI  - Portuguese Quantum Communication Infrastructure 
(www.ptqci.pt)

Å First quantum network in Portugalςfirst terrestrial segmentof the EuropeanQuantum
CommunicationInfrastructure(EuroQCI)

Å Representsthe first steptowardsthe integrationin the Europeaninfrastructure

Å Objective: deployingsecurecommunicationinfrastructures and technologyprovisionand
shall allow the deployment of highly secure,scalable,and resilient networks based on
QuantumKeyDistribution (QKD)betweendifferent publicauthoritiesin Lisbon,aswell asa
testbednetwork involvingacademicandprivatestakeholders.

Å Consortium: 12participants

ü Quantum-Flagship The Quantum Flagship: One of the most ambitious long-term 
research and innovation initiatives of the European Commission

http://www.ptqci.pt/
https://qt.eu/


R&D Activities in Quantum Metrology

National Project PTQCI  - Portuguese Quantum Communication Infrastructure 
(www.ptqci.pt)  

Precise time source
IRIG-B code, 1 PPS

Alice Bob

Secure time signal

TIC

Measure
Å Uncertainty
Å Stability
Å Traceability

NMI Activity - Securetime transfer

ü Quantum-Flagship The Quantum Flagship: One of the most ambitious long-term 
research and innovation initiatives of the European Commission

ü Toprovidea platform for the testinganddevelopmentof a systemthat providessecuretime transfer.

TheQKDsolutionprovidesreliabletiming that is resistantto spoofingattacks,oneof the mostsignificantdisadvantagesof GNSSsystems.

ü Ensurea reliable and traceabletime transfer to all entities that require timestamps- financial transactionsand stock exchangemarkets-
takingadvantageof the existingopticalfiber infrastructureof the consortium.

http://www.ptqci.pt/
https://qt.eu/


R&D Activities in Quantum Metrology

ü European Metrology Network (EMN) for Quantum technologies(since July 2019)

establish globally accepted measurement services for quantum technologies and devices - Provides active coordination of European measurement 

science research to maintain competitiveness in the field of quantum technologies by promoting and facilitatingknowledge sharing,collaborationand 

the uptake of measurement science in the development of quantum technology

Promote the inclusion of metrology (Measurement Science) in the development of 
quantum technologies ςaccuracy, traceabilityand comparabilityof measurements ς
globally accepted measurement services for quantum technologies and devices. 

Promote the inclusion of metrology (Measurement Science) in the development of 
quantum technologies ςaccuracy, traceabilityand comparabilityof measurements ς
globally accepted measurement services for quantum technologies and devices. 

Develop new measurement capabilities and dedicated services to meet the 
requirements of industry and R&D institutions.
Develop new measurement capabilities and dedicated services to meet the 
requirements of industry and R&D institutions.

Contribute to the development of Standards, Regulation and Certification for 
quantum technologies. 
Contribute to the development of Standards, Regulation and Certification for 
quantum technologies. 

Support the needs of industry in conjunction with the technological objectives of the 
EC - Quantum Flagship and national quantum technology programmes.
Support the needs of industry in conjunction with the technological objectives of the 
EC - Quantum Flagship and national quantum technology programmes.

Å Quantum Electronics 

Å Quantum Clocks and 

Atomic Sensors 

Å Quantum Photonics

Strategic Research Agenda ςit is expected future developments, considering needs from stakeholders in science and technology, 

industry, economy and society, regarding electrical quantum-based metrology 

www.euramet.org

https://www.euramet.org/european-metrology-networks/quantum-technologies/?L=0
http://www.euramet.org/


R&D Activities in Quantum Metrology

Quantum 
Metrology 
& Sensing

Quantum 
Computing

Quantum 
Electronics

wƻŀŘƳŀǇ άvǳŀƴǘǳƳ aŜǘǊƻƭƻƎȅ ŀƴŘ 
{ŜƴǎƛƴƎέ

V Ultra-sensitive quantum 
electromagnetic sensors and 
quantum-based high-
precision/high-accuracy 
electrical measurements

V Metrology will contribute to 
quantum measurement science, 
SI traceability and efficient 
άōŜǎǘ ǇǊŀŎǘƛŎŜέ ƳŜŀǎǳǊŜƳŜƴǘ 
system, for Test + Validation + 
Standardization
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Quantum computers hardness non-classical resources of quantum 
systems to solve important problems that are intractable on classical 
computes.

R&D Activities in Quantum Metrology

Quantum 
Metrology 
& Sensing

Quantum 
Computing

Quantum 
Electronics

Quantum computers - based on 'qubitsΩ

Á state-of-the-art systems with º10 s 
of qubits have been demonstrated

Á Noisy Intermedia Scale Quantum 
(NISQ) processors with º100 s of 
qubits will become available in the 
next few years.


