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Part 22-2: Normal state resistance and critical  

current measurement – High-Tc Josephson junction 
 

FOREWORD 
1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising 

all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international 
co-operation on all questions concerning standardization in the electrical and electronic fields. To this end and 
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports, 
Publicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC Publication(s)"). Their 
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with 
may participate in this preparatory work. International, governmental and non-governmental organizations liaising 
with the IEC also participate in this preparation. IEC collaborates closely with the International Organization for 
Standardization (ISO) in accordance with conditions determined by agreement between the two organizations. 

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international 
consensus of opinion on the relevant subjects since each technical committee has representation from all 
interested IEC National Committees.  

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National 
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC 
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any 
misinterpretation by any end user. 

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications 
transparently to the maximum extent possible in their national and regional publications. Any divergence between 
any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the latter. 

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity 
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any 
services carried out by independent certification bodies. 

6) All users should ensure that they have the latest edition of this publication. 

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and 
members of its technical committees and IEC National Committees for any personal injury, property damage or 
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and 
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC 
Publications.  

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is 
indispensable for the correct application of this publication. 

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of patent 
rights. IEC shall not be held responsible for identifying any or all such patent rights. 

IEC 61788-22-2 has been prepared by IEC technical committee 90: Superconductivity. It is an 
International Standard. 

The text of this International Standard is based on the following documents: 

FDIS Report on voting 

90/484/FDIS 90/486/RVD 

 
Full information on the voting for its approval can be found in the report on voting indicated in 
the above table. 

The language used for the development of this International Standard is English. 
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This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in 
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available 
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are 
described in greater detail at www.iec.ch/standardsdev/publications. 

A list of all parts in the IEC 61788 series, published under the general title Superconductivity, 
can be found on the IEC website. 

The committee has decided that the contents of this document will remain unchanged until the 
stability date indicated on the IEC website under webstore.iec.ch in the data related to the 
specific document. At this date, the document will be  

• reconfirmed, 

• withdrawn, 

• replaced by a revised edition, or 

• amended. 
 

IMPORTANT – The 'colour inside' logo on the cover page of this publication indicates that it 
contains colours which are considered to be useful for the correct understanding of its 
contents. Users should therefore print this document using a colour printer. 

 

  

http://www.iec.ch/members_experts/refdocs
http://www.iec.ch/standardsdev/publications
https://webstore.iec.ch/
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INTRODUCTION 

IEC 61788-22 (all parts) is a series of International Standards on superconductor electronic 
devices. Superconductivity offers various possibilities of realizing sensors and detectors for a 
variety of measurands. Several types of superconductor sensors and detectors have been 
developed, using such features as superconducting energy gaps, sharp normal-
superconducting transition, nonlinear current-voltage characteristics, superconducting coherent 
states and quantization of magnetic flux. Superconductors are influenced by interaction with 
electromagnetic fields, photons, ions, etc. The superconductor sensors and detectors have 
extremely high performance in resolution, time response and sensitivity, which cannot be 
realized by any other sensors and detectors. 

IEC 61788-22-1 lists various types of superconductor sensors and detectors. A key element of 
some sensors and detectors is Josephson junction. The superconductor material types used for 
Josephson junctions are divided into two categories: low-Tc superconductor (LTS) and high-Tc 
superconductor (HTS). This document (IEC 61788-22-2) defines a measurement method of 
normal state resistance (Rn) and intrinsic critical current (Ici) of HTS Josephson junctions, which 
are used for magnetic measurement with superconductor quantum interference device (SQUID), 
detection of millimetre to terahertz band radiation and other applications. 

The measurement method covered in this document is intended to give an appropriate and 
agreeable technical base for those engineers working in the field of superconductor technology. 
Although the mechanism of high-Tc superconductivity is under investigation, the occurrence of 
the Josephson effect in such weak link structures as bicrystal, step-edge and ramp edge is 
reliable, and characteristic parameters for conventional LTS Josephson junctions are valid also 
for HTS Josephson junctions. The important parameters of HTS Josephson junctions for 
designing superconductor devices are normal state resistance (Rn) and critical current (Ic), 
which are combined as IcRn product that is obtained experimentally. At this moment, most HTS 
Josephson junctions exhibit a non-hysteretic characteristic voltage-current (U–I) curve, which 
is typical for superconductor/normal-conductor/superconductor (SNS) junctions. On U–I curves, 
two types of distortions are often observed: noise-rounding and self-heating effects. Especially, 
maximum current values without voltage drop on the U–I curves are often considerably reduced 
because of the noise-rounding effect, and therefore it is difficult to estimate an intrinsic critical 
current value. This document provides a method to obtain intrinsic values by selecting a data 
set range to eliminate the distortions and by fitting a model function even when two effects are 
present. 

The critical current obtained by this standard method is therefore called intrinsic critical current 
with the variable symbol of Ici, eliminating the noise-rounding effect on U–I curves. On the other 
hand, the normal state resistance is insensitive to the noise rounding and it is possible to avoid 
the self-heating effect, so that the variable symbol Rn is used. The IciRn product is more 
essential for designing superconductor devices than the IcRn product. Ici values estimated by 
this document are usually higher than experimental Ic values. 

Practical application of this document to HTS Josephson junctions is shown in Annex A. The 
estimation method in this document is applied to SNS-type LTS Josephson junctions to check 
universality in Annex B. 
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SUPERCONDUCTIVITY –  
 

Part 22-2: Normal state resistance and critical  
current measurement – High-Tc Josephson junction 

 
 
 

1 Scope 

This part of IEC 61788 is applicable to high-Tc Josephson junctions. It specifies terms, 
definitions, symbols and the measurement and estimation method for normal state resistance 
(Rn) and intrinsic critical current (Ici), based on a combination of selecting a data set from 
measured U–I curves with a geometric mean criterion and fitting a hyperbolic function to that 
data set.    

2 Normative references 

The following documents are referred to in the text in such a way that some or all of their content 
constitutes requirements of this document. For dated references, only the edition cited applies. 
For undated references, the latest edition of the referenced document (including any 
amendments) applies. 

IEC 61788-22-1, Superconductivity – Part 22-1: Superconducting electronic devices – Generic 
specification for sensors and detectors 

IEC 60617, Graphical symbols for diagrams: available at http://std.iec.ch/iec60617 

IEC 60050-815:2015, International Electrotechnical Vocabulary – Part 815: Superconductivity: 
(available at http://www.electropedia.org/ 

3 Terms and definitions 

For the purposes of this document, the following terms and definitions apply. 

ISO and IEC maintain terminological databases for use in standardization at the following 
addresses:  

• IEC Electropedia: available at http://www.electropedia.org/ 

• ISO Online browsing platform: available at http://www.iso.org/obp 

3.1  
U–I characteristic curve 
V–I characteristic curve 
I–V characteristic curve 
data set of voltage drop between two superconductors of a Josephson junction and current 
applied to the junction 

http://std.iec.ch/iec60617
http://www.electropedia.org/
http://www.electropedia.org/
http://www.iso.org/obp



