This is a free page sample. Access the full version online.

@ NSAI Irish Standard
[.S. EN 61788-16:2013

Standards

Superconductivity -- Part 16: Electronic
characteristic measurements - Power-
dependent surface resistance of
superconductors at microwave
frequencies (IEC 61788-16:2013 (EQV))

© CENELEC 2013  No copying without NSAI permission except as permitted by copyright law.




This is a free page sample. Access the full version online.

I.S. EN 61788-16:2013

Incorporating amendments/corrigenda issued since publication:

The National Standards Authority of Ireland (NSAI) produces the following categories of formal
documents:

[.S. xxx: Irish Standard - national specification based on the consensus of an expert panel and
subject to public consultation.

S.R. xxx: Standard Recommendation - recommendation based on the consensus of an expert
panel and subject to public consultation.

SWIFT xxx: A rapidly developed recommendatory document based on the consensus of the
participants of an NSAlI workshop.

) This document is based on: Published:
This document replaces: EN 61788-16:2013 5 April, 2013
This document was published ICS number:
under the authority of the NSAl and comes into effect on: 17.220.20
29.050
24 April, 2013
NSAI T +353 1807 3800 Sales:
1 Swift Square, F +3531 807 3838 T +35318576730
Northwood, Santry E standards@nsai.ie F +35318576729
Dublin 9 W standards.ie
W NSAlLie

Udards um Chaighdedin Naisitinta na hEireann




This is a free page sample. Access the full version online.

I.S. EN 61788-16:2013

EUROPEAN STANDARD EN 61788-16
NORME EUROPEENNE
EUROPAISCHE NORM April 2013

ICS 17.220.20; 29.050

English version

Superconductivity -

Part 16: Electronic characteristic measurements -
Power-dependent surface resistance of superconductors at microwave
frequencies
(IEC 61788-16:2013)

Supraconductivité - Supraleitfahigkeit -

Partie 16: Mesures de caractéristiques Teil 16: Messung der elektronischen
électroniques - Eigenschaften -

Résistance de surface des Leistungsabhangiger
supraconducteurs aux hyperfréquences Oberflachenwiderstand bei

en fonction de la puissance Mikrowellenfrequenzen
(CEI61788-16:2013) (IEC 61788-16:2013)

This European Standard was approved by CENELEC on 2013-02-20. CENELEC members are bound to comply
with the CEN/CENELEC Internal Regulations which stipulate the conditions for giving this European Standard
the status of a national standard without any alteration.

Up-to-date lists and bibliographical references concerning such national standards may be obtained on
application to the CEN-CENELEC Management Centre or to any CENELEC member.

This European Standard exists in three official versions (English, French, German). A version in any other
language made by translation under the responsibility of a CENELEC member into its own language and notified
to the CEN-CENELEC Management Centre has the same status as the official versions.

CENELEC members are the national electrotechnical committees of Austria, Belgium, Bulgaria, Croatia, Cyprus,
the Czech Republic, Denmark, Estonia, Finland, Former Yugoslav Republic of Macedonia, France, Germany,
Greece, Hungary, Iceland, Ireland, ltaly, Latvia, Lithuania, Luxembourg, Malta, the Netherlands, Norway, Poland,
Portugal, Romania, Slovakia, Slovenia, Spain, Sweden, Switzerland, Turkey and the United Kingdom.

CENELEC

European Committee for Electrotechnical Standardization
Comité Européen de Normalisation Electrotechnique
Europaisches Komitee fiir Elektrotechnische Normung

Management Centre: Avenue Marnix 17, B - 1000 Brussels

© 2013 CENELEC -  All rights of exploitation in any form and by any means reserved worldwide for CENELEC members.

Ref. No. EN 61788-16:2013 E



This is a free page sample. Access the full version online.

I.S. EN 61788-16:2013
EN 61788-16:2013 -2-

Foreword

The text of document 90/309/FDIS, future edition 1 of IEC 61788-16, prepared by IEC TC 90,
"Superconductivity" was submitted to the IEC-CENELEC parallel vote and approved by CENELEC as
EN 61788-16:2013.

The following dates are fixed:

e latest date by which the document has (dop) 2013-11-20
to be implemented at national level by
publication of an identical national
standard or by endorsement

¢ latest date by which the national (dow) 2016-02-20
standards conflicting with the
document have to be withdrawn

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. CENELEC [and/or CEN] shall not be held responsible for identifying any or all such patent
rights.

Endorsement notice

The text of the International Standard IEC 61788-16:2013 was approved by CENELEC as a European
Standard without any modification.
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Annex ZA
(normative)

Normative references to international publications
with their corresponding European publications

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.

NOTE When an international publication has been modified by common modifications, indicated by (mod), the relevant EN/HD
applies.

Publication Year Title EN/HD Year
IEC 60050 Series International electrotechnical vocabulary -
IEC 61788-15 - Superconductivity - EN 61788-15 -

Part 15: Electronic characteristic
measurements - Intrinsic surface impedance
of superconductor films at microwave
frequencies



This is a free page sample. Access the full version online.

I.S. EN 61788-16:2013

This page is intentionally left BLANK.



This is a free page sample. Access the full version online.

I.S. EN 61788-16:2013

-2- 61788-16 © IEC:2013
CONTENTS

FOREWORD ...ttt et et e e et et et et et e e et e e e e e e e e e e e e e e e e e anaeenns 4
LN I 2 1 1 L N 1 S 6
S o o o 1= S 7
2 NOIMAtiVE TEIEIENCES ...oeeii e 7
3 Terms and definitions ..o s 7
I = Yo 10 1T =Y 0 0 =Y o 1 £ 8
D AP P A ATUS e 8
5.1 Measurement SYStEmM ... 8
5.1.1 Measurement system for the tan § of the sapphirerod..................col. 8

5.1.2 Measurement system for the power dependence of the surface
resistance of superconductors at microwave frequencies............................. 9
5.2 Measurement apparatus ... 10
5.2.1  Sapphire reSoNator ... 10
B5.2.2  SaApPhire O ... e 10
5.2.3  Superconductor filMS . ... 11
6  MeasuremeNnt PrOCEAUIE .......iu i e e e 11
0t O = U o U 11
6.2 Measurement of the tan & of the sapphire rod.............cooiiiiiii i 11
B.2.1  GBNEIAI it 11
6.2.2 Measurement of the frequency response of the TEgpq mode..................... 11
6.2.3 Measurement of the frequency response of the TEgqo mode..................... 13
6.2.4 Determination of tan §of the sapphire rod ...........c.ooiiiiiiiii 13
6.3 Power dependence MeasUremMeNnt........cooiiiii i 14
B.3.1  GENEIAl e 14
6.3.2 Calibration of the incident microwave power to the resonator..................... 15
6.3.3 Measurement of the reference level ... 15

6.3.4 Surface resistance measurement as a function of the incident

MICTOWAVE POWET ...ttt et e et e e e e et e e e et e e e e e e e e a e ea e e e e e e e e e eenees 15
6.3.5 Determination of the maximum surface magnetic flux density .................... 15
7 Uncertainty of the test method ... 16
7.1 SUMACE TESISTANCE. . it i 16
Y U= 1101 o LY - (U PP PPRPP 17
7.3 Specimen and holder support StruCture ............coooiiiiiiiiii 18
7.4  SPeCiMeENn ProteCHION ... 18
G I I == A =Y o To ] o S PP 18
8.1 Identification of the test specimen ... 18
8.2 Report of power dependence of Rg values......................... 18
8.3 Report of test CONAitioNS ... 18
Annex A (informative) Additional information relating to Clauses 1t0 7.........cccceeeiiiiiinnnn.. 19
Annex B (informative) Uncertainty considerations .............cooooiiiiiii 24
(27 o] 1Yo | £=T o1 0V TP 29
Figure 1 — Measurement system for tan 6 of the sapphirerod ..............coooiiiiiiii i, 9

Figure 2 — Measurement system for the microwave power dependence of the surface
ST 153 €= o o= S 9



This is a free page sample. Access the full version online.

I.S. EN 61788-16:2013

61788-16 © IEC:2013 -3-

Figure 3 — Sapphire resonator (open type) to measure the surface resistance of
SUPEICONAUCTOr FillM S . e e e a e

Figure 4 — Reflection scattering parameters (|Sq4]| and [S9o|).....ccoeeeeiiiiiii
Figure 5 — Term definitions in Table 3 ...
Figure A.1 — Three types of sapphire rod resonators............coooi i
Figure A.2 — Mode chart for a sapphire resonator (see |[EC 61788-15) ......ccoiviiiiiiiiiiiiininnnnen.

Figure A.3 — Loaded quality factor Q_ measurements using the conventional 3 dB
method and the circle fit method ...

Figure A.4 — Temperature dependence of tan § of a sapphire rod measured using the
two-resonance mode dielectric resonator method [3] .....ooooiiiii i

Figure A.5 — Dependence of the surface resistance Rg on the maximum surface magnetic
flux density Bg max [B]-ceeeeeemee

Table 1 — Typical dimensions of the sapphire rod...........cccooiiiiiiii e,
Table 2 — Specifications of the vector network analyzer ...
Table 3 — Specifications of the sapphire rods ...
Table B.1 — Output signals from two nominally identical extensometers................cccoeevennnn.
Table B.2 — Mean values of two output Signals ...........cooviiiiiiiiii i
Table B.3 — Experimental standard deviations of two output signals.................ccoooiin.
Table B.4 — Standard uncertainties of two output signals ............ccooiiiiiiii
Table B.5 — Coefficient of Variations of two output signals ...........cc.coooiiiiiiiii e,



1

2)

3)

4)

5)

6)
7)

8)

9)

This is a free page sample. Access the full version online.

I.S. EN 61788-16:2013

_4_ 61788-16 © IEC:2013

INTERNATIONAL ELECTROTECHNICAL COMMISSION

SUPERCONDUCTIVITY -

Part 16: Electronic characteristic measurements —
Power-dependent surface resistance
of superconductors at microwave frequencies

FOREWORD

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.

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.

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.

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.

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.

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

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.

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.

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.

International Standard IEC 61788-16 has been prepared by IEC technical committee 90:
Superconductivity.

The text of this standard is based on the following documents:

FDIS Report on voting
90/309/FDIS 90/318/RVD

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

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

A

list of all the 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 publication 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 publication. At this date, the publication 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.
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INTRODUCTION

Since the discovery of high-T. superconductors (HTS), extensive researches have been
performed worldwide for electronic applications and large-scale applications.

In the fields of electronics, especially in telecommunications, microwave passive devices such
as filters using HTS are being developed and testing is underway on sites [1,2,3,4]1.

Superconductor materials for microwave resonators, filters, antennas and delay lines have the
advantage of ultra-low loss characteristics. Knowledge of this parameter is vital for the
development of new materials on the supplier side and the design of superconductor microwave
components on the customer side. The parameters of superconductor materials needed to
design microwave components are the surface resistance Ry and the temperature dependence
of the Rg. Recent advances in HTS thin films with Ry, several orders of magnitude lower than
normal metals has increased the need for a reliable characterization technique to measure this
property [5,6]. Among several methods to measure the Ry of superconductor materials at
microwave frequencies, the dielectric resonator method [7,8,9] has been useful due to that the
method enables to measure the R nondestructively and accurately. In particular, the sapphire
resonator is an excellent tool for measuring the Ry of HTS materials [10]. In 2002, the
International Electrotechnical Commission (IEC) published the dielectric resonator method as a
measurement standard [11].

The test method given in this standard enables measurement of the power-dependent surface
resistance of superconductors at microwave frequencies. For high power microwave device
applications such as those of transmitting devices, not only the temperature dependence of Ry
but also the power dependence of Ry is needed to design the microwave components. Based on
the measured power dependence, the RF current density dependence of the surface resistance
can be evaluated. The simulation software to design the device gives the RF current distribution
in the device. The results of the power dependence measurement can be directly compared with
the simulation and allow the power handling capability of the device to be evaluated.

The test method given in this standard can be also applied to other superconductor bulk plates
including low-T, material.

This standard is intended to give an appropriate and agreeable technical base for the time being
to those engineers working in the fields of electronics and superconductivity technology.

The test method covered in this standard is based on the VAMAS (Versailles Project on
Advanced Materials and Standards) pre-standardization work on the thin film properties of
superconductors.

1 Numbers in square brackets refer to the Bibliography.
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SUPERCONDUCTIVITY -

Part 16: Electronic characteristic measurements —
Power-dependent surface resistance
of superconductors at microwave frequencies

1 Scope

This part of IEC 61788 involves describing the standard measurement method of
power-dependent surface resistance of superconductors at microwave frequencies by the
sapphire resonator method. The measuring item is the power dependence of R at the resonant
frequency.

The following is the applicable measuring range of surface resistances for this method:
Frequency: f~ 10 GHz
Input microwave power: P, < 37 dBm (5 W)

The aim is to report the surface resistance data at the measured frequency and that scaled to
10 GHz using the Ry « f2 relation for comparison.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and
are indispensable for its application. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments)
applies.

IEC 60050 (all parts), International Electrotechnical Vocabulary (available at:
<http://www.electropedia.com> )

IEC 61788-15, Superconductivity — Part 15: Electronic characteristic measurements — Intrinsic
surface impedance of superconductor films at microwave frequencies

3 Terms and definitions

For the purposes of this document, the definitions given in IEC 60050-815, one of which is
repeated here for convenience, apply.

3.1

surface impedance

impedance of a material for a high frequency electromagnetic wave which is constrained to the
surface of the material in the case of metals and superconductors

Note 1 to entry: The surface impedance governs the thermal losses of superconducting RF cavities.

Note 2 to entry: In general, surface impedance Zg for conductors including superconductors is defined as the ratio of
the electric field E; to the magnetic field H;, tangential to a conductor surface:

Zs = E{/Hy = Rs + J X,

where Ry is the surface resistance and Xy is the surface reactance.
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