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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SUPERCONDUCTIVITY —

Part 23: Residual resistance ratio measurement —
Residual resistance ratio of Nb superconductors

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comp isiny
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote inter ~aticnal
co-operation on all questions concerning standardization in the electrical and electronic fields. T thic end und in
addition to other activities, IEC publishes International Standards, Technical Specifications, Teci nicai .<eports,
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publicatio: ‘s)”). Their
preparation is entrusted to technical committees; any IEC National Committee interested in tt. > subject dealt with
may participate in this preparatory work. International, governmental and non-governmentc'.ar¢ anizations liaising
with the IEC also participate in this preparation. IEC collaborates closely with the Intei. ationc. Organization for
Standardization (ISO) in accordance with conditions determined by agreement betw<en ti.» twe organizations.

The formal decisions or agreements of IEC on technical matters express, as ©ec.y 2s pussible, an international
consensus of opinion on the relevant subjects since each technical commi. 2e hs representation from all
interested IEC National Committees.

IEC Publications have the form of recommendations for internationa. us= and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to_en. ire (hat the technical content of IEC
Publications is accurate, IEC cannot be held responsible for th2 way .n which they are used or for any
misinterpretation by any end user.

In order to promote international uniformity, IEC National «mr ‘ttees undertake to apply IEC Publications
transparently to the maximum extent possible in their natior."anc regional publications. Any divergence between
any |IEC Publication and the corresponding national or reg onalublication shall be clearly indicated in the latter.

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.bo 'ies.

All users should ensure that they have the lat>st >diuon of this publication.

No liability shall attach to IEC or its dire:tors, employees, servants or agents including individual experts and
members of its technical committees 2nd  -C 'lational Committees for any personal injury, property damage or
other damage of any nature whatsoe er, hetner direct or indirect, or for costs (including legal fees) and expenses
arising out of the publication, use of, »r re.iance upon, this IEC Publication or any other IEC Publications.

Attention is drawn to the Norria'ive i.ferences cited in this publication. Use of the referenced publications is
indispensable for the correct pulication of this publication.

Attention is drawn to the p. ssibility that some of the elements of this IEC Publication may be the subject of patent
rights. IEC shall not b~ >ela :esponsible for identifying any or all such patent rights.

International Standai' IEC 61788-23 has been prepared by IEC technical committee 90:
Superconductivia.

The text of tri’s International Standard is based on the following documents:

FDIS Report on voting

90/400/FDIS 90/403/RVD

Full information on the voting for the approval of this International Standard can be found in the
report on voting indicated in the above table.

This document has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list of all parts in the IEC 61788 series, published under the general title Superconductivity,
can be found on the IEC website.
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The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC web site under "http://webstore.iec.ch" in the data related to
the specific document. At this date, the document will be

e reconfirmed,

e withdrawn,

o replaced by a revised edition, or

e amended.

IMPORTANT — The 'color inside' logo on the cover page of this publication indicate. thot
it contains colors which are considered to be useful for the correct understanding o1 its
contents. Users should therefore print this document using a color printer.
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INTRODUCTION

High-purity niobium is the chief material used to make superconducting radio-frequency cavities.
Similar grades of niobium may be used in the manufacture of superconducting wire.
Procurement of raw materials and quality assurance of delivered products often use the residual
resistance ratio (RRR) to specify or assess the purity of a metal. RRR is defined for
non-superconducting metals as the ratio of electrical resistance measured at room temperature
(293 K) to the resistance measured for the same specimen at low temperature (~4,2 K). The
low-temperature value is often called the residual resistance. Higher purity is associated with
higher values of RRR.

Niobium presents special problems due to its transformation to a superconducting state at 9 K,
so DC electrical resistance is effectively zero below this temperature. The definition 2bo e
would then yield an infinite value for RRR. This document describes a test method to deterr ine
the residual resistance value by using a plot of the resistance to temperatur: ac tho. test
specimen is gradually warmed through the superconducting transition in the akoencz of an
applied magnetic field. This results in a determination of the residual resistance at j:'st above
superconducting transition, ~10 K, from which RRR is subsequently determinec,

International standards also exist to determine the residual resistance ra'io ¢ suyerconducting
wires. In contrast to superconducting wires, which are usually a corapusite ¢l a superconducting
material and a non-superconducting material and the RRR value is -epi 2sentative of only the
non-superconducting component, here the entire specimen is.compcsed of superconducting
niobium. Frequently, niobium is procured as a sheet, bar, tu.e or rod, and not as a wire. For
such forms, test specimens will likely be a few millimeterz iri the dimensions transverse to
electric current flow. This difference is significaiit vtherr making electrical resistance
measurements, since niobium samples will likely “>e ‘aucii longer than that for the same
length-to-diameter ratio as a wire, and higher electric2l current may be required to produce
sufficient voltage signals. Guidance for sample dimrensions and electrical connections is
provided in Annex A. Test apparatus should also ta'*< into consideration aspects such as the
orientation of a test specimen relative to the liquid helium surface, accessibility through ports on
common liquid helium dewars, design of cvrreat cuntacts, and minimization of thermal gradients
over long specimen lengths. These aspecte uitinguish the present document from similar wire
standards.

Other test methods have been us»d .» determine RRR. Some methods use a measurement at a
temperature other than 293 K fcr.tl e high resistance value. Some methods use extrapolations at
4,2 K in the absence of an/apliea magnetic field for the low resistance value. Other methods
use an applied magnetic fiei. to suppress superconductivity at 4,2 K. A comparison between this
document and some ot =r test methods is presented in Annex A. It should be noted that
systematic differencizs «f up to 10 % are produced by these other methods, which is larger than
the target uncertainty of (his document. Care should therefore be taken to apply this document
or the approprinte corrections listed in Annex A according to the test method used.

Whenever passidle, this test method should be transferred to vendors and collaborators who
also perform RRR measurements. To promote consistency, the results of inter-laboratory
cemparicons are described in Annex C.
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Part 23: Residual resistance ratio measurement —
Residual resistance ratio of Nb superconductors

1 Scope

This part of IEC 61788 addresses a test method for the determination of the residual resisiance
ratio (RRR), irrr . Of cavity-grade niobium. This method is intended for high-purity n.abicm

grades with 15 < rrg < 600. The test method should be valid for specimens with rectangula. or

round cross-section, cross-sectional area greater than 1 mm?2 but less than 2C 'an.?2, and a
length not less than 10 nor more than 25 times the width or diameter.

2 Normative references

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

IEC 60050-815, International Electrotechnical Vorabtlai - Part 815: Superconductivity
(available at: www.electropedia.org)

3 Terms and definitions

For the purposes of this document, the te.n.c and definitions given in IEC 60050-815 and the
following apply.

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

e |EC Electropedia: availc Fie at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org/obp

3.1

residual resis*~nce ra:io

RRR

ratio of res'sta.ce at room temperature to the resistance just above the superconducting
transiticn

RrRr = R1/ Ry (1)

where Ry is the resistance at 293 K and R, is the resistance just above the superconducting
transition, at ~10 K.
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