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Rezumat: Articolul prezinta aspecte privind realizarea, dezvoltarea, mentinerea etalonului national de
tensiune electrica in curent continuu, precum §i modul in care este asiguratd corectitudinea masurarilor
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Abstract: The paper presents relevant aspects concerning the realization, development and maintening the
national electrical DC voltage standard within the National Institute of Metrology (INM). The way is
ensured the correctness of measurements throughout Romania is also depicted.
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1. INTRODUCERE

Efectul Josephson este folosit in cele mai
importante institute nationale de metrologie din
lume pentru realizarea etalonului primar de tensiune
electrica. Impreuni cu efectul Hall cuantic (un alt
important fenomen cuantic din fizica solidului)
efectul Josephson a condus la o Tmbunatatire
substantiala a masurarilor electrice la nivel mondial.

In acest context, articolul prezinti situatia
etalonului national de tensiune electricd in curent
continuu, dezvoltat in Institutul National de
Metrologie din Romania.

2. DEZVOLTAREA ETALONULUI
NATIONAL DE TENSIUNE ELECTRICA
TN CURENT CONTINUU

Din anul 2006, vechiul etalon national de
tensiune electricd in cc format din elemente
Weston construite Tn 1964, a fost Tnlocuit cu un
grup de etaloane de tensiune cu dioda Zener,
fabricatie Fluke tip 732 B [1] prezentat in figura 1.

1. INTRODUCTION

The Josephson effect is worldwide used
within the most important National Metrology
Institutes as primary voltage reference. Together
with the quantum Hall effect (another important
guantum phenomenon in solid state physics) the
Josephson effect  substantialy improved the
global electrical measurement uncertainty.

In this frame, recent progress in the field of
DC voltage measurements in the National
Institutes of Metrology Romania is described in
respect with the national DC voltage standard.

2. DEVELOPING THE NATIONAL DC
VOLTAGE STANDARD

Starting 2006, the former national DC
voltage standard consisting of Weston cells built
in 1964, was replaced by a group of Fluke type
732 B Zener voltage standards [1], as shown in
Figure 1.



Fig. 1 Etaloane de tensiune tip Fluke 732B cu dioda Zener
Fig.1 Fluke type of 732B Zener voltage standards

La sfarsitul anului 2011, a fost achizitionat
etalonul primar de tensiune electrica (etalonul cu
cele mai 1nalte calititi metrologice, a carui
valoare este atribuitd fara raportare la alte
ctaloane ale aceleagi marimi [2]) bazat pe efect
Josephson.

Acest etalon se bazeaza pe efectul teoretic
descoperit 1n anul 1962 de Brian Josephson,
care constd Tn expunerea unei jonctiuni de
tipul SIS (Nb/AIOx/Nb) la o radiatie
electromagnetica de frecventd f. S-a observat ca
apar trepte cuantificate de tensiune, descrise de
relatia:

unde:

n - este numarul de trepte

K; - este constanta Josephson

K; = 2e/h, unde e este sarcina elementara si
h este constanta Planck

S-a atribuit prin consens international,
valoarea acestei constante:

Kie =483 597,9 GHz/V,

cu o incertitudine standard relativa de 4 x 10”.

Graficele din figurile de mai jos, reprezintad
caracteristicile curent-tensiune ale unei jonctiuni
tip SIS inainte si dupda ce a fost expusd unei
radiatii electromagnetice cu frecventa de 75
GHz si treptele cuantificate de tensiune la 10 V.

Caracteristica tensiune-curent a jonctiunii tip
SIS dupa ce a fost expusd unei radiatii
electromagnetice cu frecventa f reprezinta
infaguratoarea a aproximativ 130000 de trepte
cuantificate de tensiune [3].

At the end of 2011, it was acquired a
primary voltage standard based on Josephson
effect (standard having the highest metrological
qualities, and the value assigned without
reference to other standards of the same quantity
[2]).

This standard is based on the theoretical
effect discovered by Brian Josephson in 1962.
When exposed to electromagnetic radiation of
frequency f a SIS junction (a thin insulating
barrier ~ between  two  superconductors:
(Nb/AIOx/Nb)), the DC voltage across the
junction can only take discrete values given by:

V, = nf/KJ
where :
n - an integer which identifies a constant
voltage step
K; - Josephson constant
K; = 2e/h, e - elementary charge and h -
Planck constant

The value of Kjq has been defined since
1990 to be equal to

Kie =483 597,9 GHz/V

wit7hin a one standard-deviation-uncertainty of 4 x
10

The charts below represents the current —
voltage characteristic of a SIS junction before
and after exposure to electromagnetic radiation
of frequency of 75 GHz and the formation of
stable Josephson voltage steps at 10 V.

The current — voltage characteristic of a SIS
junction after exposed to electromagnetic
radiation of frequency f represents the envelope
of nearly 130000 quantized voltage steps [3].
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Fig.2 Caracteristicile curent-tensiune ale unei jonctiuni tip SIS inainte si dupa ce a fost expusa
unei radiatii electromagnetice cu frecventa de 75 GHz si treptele cuantificate de tensiune la 10 V
Fig. 2 The current — voltage characteristic of a SIS junction before and after exposed to
electromagnetic radiation of frequency at 75 GHz and the formation of stable Josephson voltage steps at

Instalatia cu efect Josephson achizitionata de
INM, este prezentata in figura 3.

Instalatia este compusd din: jonctiune
Josephson tip SIS, cryocooler si unitate de
control cu microprocesor (1); unitate electronica
(2); sursa pentru blocarea frecventmetrului (3);
detector de nul (nanovoltmetru) (4); comutator
cu 3 canale pentru schimbarea polaritatii (5);
senzor pentru temperaturd, umiditate, presiune
atmosferica (6); computer cu interfatd IEEE cu
soft dedicat pentru controlul intregului sistem
(7); compresor (8).

10V

The complete Josephson voltage system
developed within the INM is presented in Figure
3.

The system consists of the following
components: Cryoprobe with 10 V SIS JJ Array
Chip in the pulse tube cooler and the Microwave
Electronics (1); JVS Electronics Unit (2); EIP
Source Locking Microwave Counter (3);
Nanovoltmeter as Null Detector (4); 3 —channel
Polarity Reversal Switch (5); Sensors for
Temperature, Pressure and Humidity (6); Laptop
(7); Compressure Unit (8).

Fig. 3 Instalatia cu efect Josephson
Fig. 3 The Josephson voltage system



Asigurarea trasabilitatii valorilor etalonului
national la SI s-a realizat pana in 2011 (anul
achizitionarii etalonului primar) prin etalonarea
periodicd a unuia dintre cele cinci etaloane de
tensiune cu diodd Zener, la BIPM sau la alt
institut national cu capabilitate recunoscutd
CIPM-MRA.

Incepand din 2012, unitatea de misurd se
transmite prin comparare directa fata de etalonul
primar bazat pe efect Josephson al INM care va
fi atestat ca etalon national, urmand sa participe
la o comparatie cheie din cadrul EURAMET,
existand un acord de principiu cu BIPM pentru
participarea la o comparatie bilateralda anul
acesta. Grupul compus din cinci etaloane de
tensiune cu diodd Zener va deveni grup de
referinga si va face parte din etalonul national.

Pand la confirmarea capabilitatii INM 1n
domeniul transmiterii unitatii de la etalonul
primar de tensiune electrica in cc, rezultatul
obtinut la compararea etalonului primar al INM
cu un etalon similar aflat in posesia Institute of
Photonic Technology Germania (fabricantul
jomtiuni tip SIS p ecare se b zeaza intreg
sistemul) dovedeste buna functionare a
sistemului.

Before 2011 (the year when the primary
standard was purchased), the trasability of
national DC voltage standard to the SI was
assured through periodic calibration of one of
the five Zener voltage standards at the BIPM or
another National Institute having recognized
calibration and measurement capability in
CIPM-MRA.

Since 2012, the measurement unit is
transmitted by direct comparison to the INM
Josephson standard to be certified as national
standard. For this purpose, there is a
preliminary agreement with the BIPM for a
bilateral comparison within the EURAMET for
this year. The group consisting of the five Fluke
type 732 B Zener standards will become the
reference group and will be part of the national
standard.

Pending confirmation on INM capability in
DC voltage area, Figure 4 shows the results
obtained in the direct comparison of the INM
primary standard with the similar standard of the
German Institute of Photonic Technology (the
manufacturer of SIS junction on which the
whole system is based upon). This result proves
the proper functioning of the system.

Direct comparison of the SupraVOLTcontrol system no. 09 to the IPHT
Josephson voltage standard system
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Fig. 4 Rezultatele obtinute la compararea etalonului primar al INM cu un etalon similar aflat in

posesia Institute of Photonic Technology Germania
Fig. 4 The results obtained in direct comparison of INM primary standard to the similar standard
of German Institute of Photonic Technology



3. _ ASPECTE PRIVIND
DESFASURAREA ETAPELOR
CARACTERIZARII METROLOGICE

Acest articol se refera la caracterizarea
metrologica a grupului etalon de referinta de
tensiune electrica in curent continuu, pentru
tensiunile de 1,018 V si 10 V, prin etalonare
fatd de etalonul primar de tensiune electrica
bazat pe efect Josephson [4].

3.1 Modul de lucru si instalatii utilizate
Operarea instalatiei bazate pe efect
Josephson, necesitd multe precautii datorita
complexitatii sale si a conditiilor de functionare:
temperatura de42 K la care trebue sa ajung
jonctiunea aflatda in cryocooler, temperatura
heliului lichid la presiune normala.

Inainte dea incepe procesul de ricire, sunt
necesare conexiuni speciale intre componentele
cryocooler si celelalte componente ale instalatiei
[5]. Este necesara o monitorizare permanenta a
temperaturii $i presiunii din cryocooler si sunt
necesare aproximativ 3 ore pentru a ajunge la
presiunea de operare: <1 x 10° mbar.

Dupa pornirea compresorului se asteapta
inca aproximativ 5 ore pentru a se ajunge la
temperatura de operare de cca 4,2 K, se masoara
curentul critic (cca 105 pA) si se p ate incepe
procesul de masurare.

In timpul misurdrilor am avut urmétorii
parametrii Tn sistem: temperatura de 3,58 K,
presiunea de 8,4 X 10®° mbar si curentul critic
102 pA + 106 pA. Acesti trei parametrii trebuie
masurati in mod repetat, deoarece indicd buna
functionare a sistemului.

Etalonul de referinta de tensiune electrica in
cc, compus din cinci etaloane cu dioda Zener tip
Fluke 732 B, trebuie permanent alimentat de la
reteaua de energie electrica. Nealimentarea pe
termen lung (peste 24 h) cu energie a celor cinci
etaloane, conduce la modificarea valorilor
tensiunilor generate. In timpul masuririlor a fost
necesara deconectarea lor de la retea, deoarece
zgomotul era prea mare i masurarea nu se putea
realiza.

3.2 Determiniri experimentale si
prelucrarea rezultatelor

In cadrul masuririlor, etalonul tip Fluke 732
B a fost conectat asa cum este indicat in figura 5.

3. ASPECTS OF DEVELOPMENT
STAGES OF METROLOGICAL
CHARACTERIZATION

This paper discusses the metrological
characterization of the DC reference voltage
group (the two output voltages: 1,018 V and 10
V respectively), by comparison with the primary
voltage standard based on the Josephson effect

[4].

3.1  Measurement
equipment

Operating a system based on the Josephson
effect  requires more caution due to
its complexity and operating conditions: 4,2
K temperature of liquid helium at normal
pressure.

Before starting the cooling process, special
connections between cryocooler components
and other system components are required [5].
Continuous monitoring of temperature and
pressure in cryocooler is necessary and
approximately 3 hours to reach the operating
pressure: < 1 x 10 mbar.

After starting the compressor still need to
expect about 5 hours to reach operating
temperature (about 4,2 K), the critical current
(about 105 pA) is measured and the process of
measurement can start.

During  measurements the following
parameters were maintained in the system:
temperature of 3,58 K, pressure of 8,4 x 10°
mbar and critical current of 102 pA + 106 pA.
These three parameters must be repeatedly
measured, as they indicate proper functioning of
the system.

Reference DC standard voltage group
consisting of the five Fluke type 732 B Zener
standards must be permanently powered by the
electricity grid. The long-term lack of electricity
supply (over 24 h) of the five standards leads to
modifying the generated voltage. During the
measurements it was necessary to remove them
from the network, because the noise was too
high and the measurement could not be done.

procedure  and

3.2  Experimental works and results
processing

Fluke type 732 B standard has been
connected as shown in Figure 5.



Fluke 732 B

Fig.5 Realizarea conexiunii etalonului tip Fluke 732 B
Fig.5 Connection of Fluke 732 B standard

Se pot conecta ambele iesiri (de 1,018 V si
de 10 V) ale ectalonului fabricatie Fluke,
simultan, prin intermediul  comutatorului
inversor prezentat in figura 6.

The polarity reversal switch of the Fluke
type standard shown in Figure 6, allows a
simultaneous calibration at two voltage values
(1,018 V and 10 V).

polarity reversal switch

-
Channel A white

Fig.6 Comutatori inversor
Fig. 6 Reversal switch

Dupa ce au fost efectuate toate conexiunile
necesare, s-a accesat functia "Calibration" din
programul instalat pe laptopul conectat n sistem
si a fost setatd etalonarea uneia sau a ambelor
iesiri ale etalonului de referinta tip Fluke 732 B
si a numarului de citiri (intre 1 si 8) Au fost
indicate in timpul fiecdrei masurari: tensiunea
etalonului supus masurarii, deviatia standard si
tensiunea termoelectrica. Fiecare citire este
rezultatul a 40 de masurdri: 20 pe polaritate
pozitiva, 20 pe polaritate negativa.

La sfarsitul masurarilor este indicatd media
valorilor ~masurate i deviatia standard
corespunzatoare acesteia, conform figurii 7 de
mai jos:

After all necessary connections was carried
out, the Calibration soft key is started (Figure 7
appears on the display) and the operator enter
the desired number of data points from a
minimum 1 to a maximum 8. In a table, the
calculated data points of the voltage of the
device under test, their standard deviations and
the thermal voltages are displayed. Each
measured data points and its standard deviation
is calculated from forty measurements, twenty in
the positive and twenty in the negative polarity.
At the bottom of the table the average value of
the voltage of the Fluke type 732B standard is
given. The corresponding standard deviation is
calculated from the data points.
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Fig. 7 Afisarea rezultatelor obtinute in timpul masurarilor
Fig. 7 User interface in measurement process

3. 3 Rezultate experimentale
Ecuatia de baza folositd pentru obtinerea
masurandului este:

n

VX= f + VDVM - 8Vleak - 8Vgain' 8Voffset

J-90

unde:

f - frecventa aplicata

n - treapta la care este setatd jonctiunea
Josephson (distanta intre doud trepte invecinate
este de aproximativ 155 pV)

Kse - constanta Josephson, egala cu
483597,9 GHz/V
Vbwwm - diferenta dintre tensiunea jonctiunii

Josephson si tensiunea etalonului necunoscut,
masuratd cu voltmetrul digital

MNiak - tensiunea de scurgere datorata
rezistentei cablurilor si a rezistentei de scurgere
ntre cabluri

OVgain - deviatia de tensiune datoratd erorii
de panta a voltmetrului digital

Nt - corectie  datorata
termoelectromotoare EMF in cabluri

Fiecare dintre cele cinci etaloane de tensiune
cu dioda Zener din grupul de referinta a fost
ctalonat fatd de etalonul primar [6], iar
rezultatele obtinute s-au Tncadrat foarte bine Tn
istoricul acestora, asa cum a fost prezentat si in

tensiunilor

3. 3 Experimental Results
The equation used to calculate
measurement result is:

the

n
VX= f + VDVM - 8Vleak - 8Vgain' 8Voffset
J-90
where:
f - The frequency of the applied microwave
power.

n - Step number to which the Josephson
array is set (the distance between neighbouring
steps is about 155 pV).

Ky - The Josephson constant, equal to
483597,9 GHz/V.

Vow -The voltage difference between the
Josephson array and the device under test as
measured with the digital voltmeter.

dVieak - Leakage voltage drop due to the
finite resistance of the leads and the leakage
resistance between the leads.

8Vgin - The voltage deviation due to gain
error of the digital voltmeter

8Voie - Residual offset voltages due to
thermal EMF’s in the leads

Each of the five voltage reference standards
group was calibrated by comparison to the
primary voltage standard [6], and the results
were well placed in its history, as it was



“Raportul privind etalonul national al unitatii de
masura Volt a tensiunii electrice Tn curent
continuu” de la sfarsitul anului 2012.

In figurile 8 — 9 este prezentati comportarea
in timp a celui mai vechi dintre cele 5 etaloane
de referinta:

presented at the end of 2012 in the "Report on
the national standard of the DC electrical
voltage".

In figure 8 — 9 is presented the long time
behavior of the previous five reference voltage
standard:
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Fig. 9 Comportarea in timp a etalonului Fluke 732 B nr.5940003, pentru tensiunea de 10 V
Fig. 9 The long time behavior of Fluke 732 B standard nr.5940003, for 10 Voutput

4. CONCLUZII

Achizitionarea etalonului primar de tensiune
electrica in cc Tn decembrie 2011, a insemnat un
important salt calitativ pentru etalonul national
de tensiune electricad in cC si alinierea INM 1in
randul marilor institute nationale de metrologie.

Pe termen scurt, Laboratorul Marimi
Electromagnetice din INM intentioneaza sa

4. CONCLUSIONS

Purchasing the primary DC voltage standard
in December 2011, represented a qualitative leap
for the national DC voltage standard and the
alignment of INM among the important ational
Institutes of Metrology.

On short term the Electromagnetic
Measurements Laboratory within INM intends



participe la o comparatie cheie din cadrul
EURAMET care sa demonstreze capabilitatea
noastra de a transmite unitatea si calitatea
etalonului primar bazat pe efect Josephson de a
fi atestat ca etalon national.

Panad la realizarea acestei comparatii,
rezultatele obtinute confirma preliminar buna
functionare a etalonului primar, faptul ca
valorile obtinute pentru grupul etalon de
referin{a se incadreaza bine in istoricul grupului
si ca este asiguratd corectitudinea masurarilor
din acest domeniu.
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