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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SUPERCONDUCTIVITY -

Surface resistance of superconductors

O’ at microwave frequencies

O FOREWORD

1) The Internationalé

all national electrotec

j{é Part 7: Electronic characteristic measurements —

technical Commission (IEC) is a worldwide organization for standardization comprising
ical committees (IEC National Committees). The object of IEC is to promote
international co-operationgon all questions concerning standardization in the electrical and electronic fields. To
this end and in additi ther activities, IEC publishes International Standards, Technical Specifications,
Technical Reports, Pub@ vailable Specifications (PAS) and Guides (hereafter referred to as “IEC
M’?)]
m

Publication(s)”). Their prep
in the subject dealt with

is entrusted to technical committees; any IEC National Committee interested
rticipate in this preparatory work. International, governmental and non-

governmental organizations liai€ing wlth the IEC also participate in this preparation. IEC collaborates closely
with the International Organizationgfor Standardization (ISO) in accordance with conditions determined by
agreement between the two organfza S.

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

3) IEC Publications have the form of recomm tions for international use and are accepted by IEC National
Committees in that sense. While all rea fforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be he ponsible for the way in which they are used or for any

misinterpretation by any end user.

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

5) IEC provides no marking procedure to indicate its app and cannot be rendered responsible for any
equipment declared to be in conformity with an IEC Publicati

6) All users should ensure that they have the latest edition of this puishication.
7) No liability shall attach to IEC or its directors, employees, se agents including individual experts and
members of its technical committees and IEC National Committee@ny personal injury, property damage or
other damage of any nature whatsoever, whether direct or indireet, for costs (including legal fees) and

expenses arising out of the publication, use of, or reliance upon?y thi§ IEC Publication or any other IEC
Publications.

8) Attention is drawn to the Normative references cited in this publication. :% 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 Q ion may be the subject of
patent rights. IEC shall not be held responsible for identifying any or all such pa ights.

International Standard IEC 61788-7 has been prepared by IEC tecC committee 90:

Superconductivity.

This second edition cancels and replaces the first edition, published ing, of which it
constitutes a technical revision. Examples of technical changes made are—é closed type
resonators are recommended from the viewpoint of the stable measurements, iaxial-
anisotropic characteristics of sapphire rods are taken into consideration for designingrthe size
of the sapphire rods, and 3) recommended measurement frequency of 18 GHz a d&Hz
are added to 12 GHz described in the first edition. d\

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

FDIS Report on voting
90/193/FDIS 90/198/RVD
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Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.

T%ublication has been drafted in accordance with the ISO/IEC Directives, Part 2.

IE 8 consists of the following parts, under the general title Superconductivity:

Part 1:&ritical current measurement — DC critical current of Cu/Nb-Ti composite super-

Wctors
Part 2: ical current measurement — DC critical current of Nb3Sn composite super-
co

Part 3:  Criti rrent measurement — DC critical current of Ag- and/or Ag alloy-sheathed
Bi-221 Bi-2223 oxide superconductors

Part 4: Residual%tance ratio measurement — Residual resistance ratio of Nb-Ti

composite s conductors
Part 5: Matrix to sup@ ductor volume ratio measurement — Copper to superconductor
volume ratio of@-ﬂ composite superconductors

Part 6: Mechanical propefties measurement — Room temperature tensile test of Cu/Nb-Ti
composite supercon ‘Sgrs
Part 7:  Electronic characteristi€ measurements — Surface resistance of superconductors at

microwave frequencies @

Part 8: AC loss measurements Total AC loss measurement of Cu/Nb-Ti composite
superconducting wires 9,@ to a transverse alternating magnetic field by a
pickup coil method

Part 9: Measurements for bulk high tem@ ure superconductors — Trapped flux density of
large grain oxide superconductors

Part 10: Critical temperature measurement / itical temperature of Nb-Ti, Nb3Sn, and
Bi-system oxide composite supercond by a resistance method

Part 11. Residual resistance ratio measuremeéResidual resistance ratio of Nb3Sn
composite superconductors

Part 12: Matrix to superconductor volume ratio rr@rement — Copper to non-copper
volume ratio of Nb;Sn composite supercond ti@vires

Part 13: AC loss measurements — Magnetometer method@r hysteresis loss in Cu/Nb-Ti
multifilamentary composites

*

The committee has decided that the contents of this publicatior”will remain unchanged until

the maintenance result date indicated on the IEC web site und :/lwebstore.iec.ch” in
the data related to the specific publication. At this date, the publicat ill be

* reconfirmed; o,

* withdrawn;

* replaced by a revised edition, or 6

*+ amended. \L
A bilingual version of this publication may be issued at a later date. @
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INTRODUCTION

Sinde the discovery of some Perovskite-type Cu-containing oxides, extensive research and
d ment (R & D) work on high-temperature oxide superconductors has been, and is being,
ma worldwide, and its application to high-field magnet machines, low-loss power
tranS)s‘lon, electronics and many other technologies is in progress.

In variods fields of electronics, especially in telecommunication fields, microwave passive
devices s filters using oxide superconductors are being developed and are undergoing
on-site tes 211,

Superconducto erials for microwave resonators, filters, antenna and delay lines have the
advantage of v w loss characteristics. Knowledge of this parameter is of primary
importance for the lopment of new materials on the supplier side and for the design of
superconductor mi ve components on the customer side. The parameters of
superconductor mate eeded for the design of microwave low loss components are the
surface resistance Rg a temperature dependence of the surface resistance.

Recent advances in high Tc superconductor (HTS) thin films with Ry several orders of
magnitude lower than that 90’ ormal metals have increased the need for a reliable
characterization technique to n\i?ure this property [3,4]. Traditionally, the Ry of Nb or any
other low temperature superconducting material was measured by first fabricating an entire
three dimensional resonant cavity @hen measuring its Q-value. The Rg could be calculated
by solving the EM field distribution®inside the cavity. Another technique involves placing a
small sample inside a larger cavity. echnique has many forms but usually involves the
uncertainty introduced by extracting t s contribution due to the HTS films from the
experimentally measured total loss of the c@y

The best HTS samples are epitaxial films g cyﬂ‘on flat crystalline substrates and no high

quality films have been grown on any curved s e so far. What is needed is a technique
that: can use these small flat samples; requires mple preparation; does not damage or
change the film; is highly repeatable; has great se ity (down to 1/1 000t the Rg of copper);

has great dynamic range (up to the Rg of copper); can reach high internal powers with only
modest input powers; and has broad temperature cov(4,2 K to 150 K).

The dielectric resonator method is selected among sever@ thods [5,6,7] to determine the
surface resistance at microwave frequencies because it is Cop€idered to be the most popular
and practical at present. Especially, the sapphire resonator is&excellent tool for measuring
the Rg of HTS materials [8,9].

The test method given in this standard can be also applied to superconductor bulk
plates including low Tc material. ®

This standard is intended to provide an appropriate and agreeable techngl base for the time
being to engineers working in the fields of electronics and superconductivityénology.

Advanced Materials and Standards) pre-standardization work on the thin film ties of

superconductors. :

The test method covered in this standard is based on the VAMAS (Vers&!&Pgoject on

1) Figures in square brackets refer to the Bibliography.
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SUPERCONDUCTIVITY -

Surface resistance of superconductors

)\ Part 7: Electronic characteristic measurements —
6 at microwave frequencies

1 Scop%

This part of IE 8 describes measurement of the surface resistance of superconductors
at microwave fre ies by the standard two-resonator method. The object of measurement
is the temperature de dence of Rg at the resonant frequency.

The applicable measur%ange of surface resistances for this method is as follows:
/8 GHz < /< 30 GHz
*

— Measurement resolution: 1 mQ at 10 GHz

— Frequency:

The surface resistance data at the megasured frequency, and that scaled to 10 GHz, assuming
the /2 rule for comparison, are rep@.

2 Normative references /O/,

The following referenced documents are i%nsable for the application of this document.
For dated references, only the edition cited a ezs’. For undated references, the latest edition
of the referenced document (including any am wnts) applies.

IEC 60050-815, International Electrotechnical Voc y (IEV) — Part 815: Superconductivity

3 Terms and definitions \Q@

For the purposes of this document, the terms and definitions gi¥en in IEC 60050-815 apply.

o

In general, surface impedance Zg for conductors, including supeuﬁhductors, is defined as the
ratio of the electric field E; to the magnetic field H;, tangential to a @uctor surface:

Zy = Ey/Hy = Rs + X o

where Rg is the surface resistance and Xg is the surface reactance. : S

4 Requirements \.L

The surface resistance Rg of a superconductor film shall be measured by lying a
microwave signal to a dielectric resonator with the superconductor film specimen en

measuring the attenuation of the resonator at each frequency. The frequency shall be s t
around the resonant frequency as the centre, and the attenuation—frequency charactexisti
shall be recorded to obtain Q-value, which corresponds to the loss.

The target precision of this method is a coefficient of variation (standard deviation divided by
the average of the surface resistance determinations) that is less than 20 % for the
measurement temperature range from 30 K to 80 K.





