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INTERNATIONAL ELECTROTECHNICAL COMMISSION

MEASUREMENT OF THE COMPLEX PERMITTIVITY
FOR LOW-LOSS DIELECTRIC SUBSTRATES
BALANCED-TYPE CIRCULAR DISK RESONATOR METHOD

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization cc mpricing
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote intern. tion.!
co-operation on all questions concerning standardization in the electrical and electronic fields. To this =2na 2nd
in addition to other activities, IEC publishes International Standards, Technical Specifications, Te chn.~al k. norts,
Publicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC Public: ‘on(<"}. Their
preparation is entrusted to technical committees; any IEC National Committee interested in the sub) ¢t dealt with
may participate in this preparatory work. International, governmental and non-governmental ¢ ‘ganizations liaising
with the IEC also participate in this preparation. IEC collaborates closely with the Internation il Organization for
Standardization (ISO) in accordance with conditions determined by agreement betweer the .2* " organizations.

The formal decisions or agreements of IEC on technical matters express, as nearly ¢s po: :ible, an international
consensus of opinion on the relevant subjects since each technical committe= ha. r:presentation from all
interested IEC National Committees.

IEC Publications have the form of recommendations for international use and < e accepted by IEC National
Committees in that sense. While all reasonable efforts are made to'=ns ire that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the wec:« lovhich they are used or for any
misinterpretation by any end user.

In order to promote international uniformity, IEC National. Comm. ‘eec undertake to apply IEC Publications
transparently to the maximum extent possible in their nationai xnd . >gional publications. Any divergence between
any IEC Publication and the corresponding national or regional \iblication shall be clearly indicated in the latter.

IEC itself does not provide any attestation of conformity Ind pendent certification bodies provide conformity
assessment services and, in some areas, access to IEC \..=.ks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

All users should ensure that they have the lates* ea.fion f this publication.

No liability shall attach to IEC or its directorc; eiapluyees, servants or agents including individual experts and
members of its technical committees and .ev ‘Na..onal Committees for any personal injury, property damage or
other damage of any nature whatsueve. ~whither direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, cce of, or reliance upon, this IEC Publication or any other IEC
Publications.

Attention is drawn to the Norm~tive = ferences cited in this publication. Use of the referenced publications is
indispensable for the correct ‘ipr.ication of this publication.

IEC draws attention to th2 poccioility that the implementation of this document may involve the use of (a)
patent(s). IEC takes ne pbos'tion concerning the evidence, validity or applicability of any claimed patent rights in
respect thereof. As of the 1ate of publication of this document, IEC had not received notice of (a) patent(s), which
may be required to in.nlen ent this document. However, implementers are cautioned that this may not represent
the latest information, v.hich may be obtained from the patent database available at https://patents.iec.ch. IEC
shall not be h:iu ~esponsiole for identifying any or all such patent rights.

IEC 63185 1.3s veen prepared by subcommittee 46F: RF and microwave passive components,
of IEC t=chnical committee 46: Cables, wires, waveguides, RF connectors, RF and microwave
passive components and accessories. It is an International Standard.

Ti.i's second edition cancels and replaces the first edition published in 2020. This edition
vonstitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a) the upper limit of the applicable frequency range has been extended from 110 GHz to

170 GHz;

b) circular disk resonators used for the measurements now include one with waveguide

interfaces;
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c) in calculating the complex permittivity from the measured resonant properties, the fringing
fields are now accurately taken into account based on the mode-matching analysis.

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

Draft Report on voting

46F/699/FDIS 46F/702/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.

This document was drafted in accordance with ISO/IEC Directives, Part 2, and/dav=logcd in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Suppleme: t, available
at www.iec.ch/members_experts/refdocs. The main document types develoned by IEC are
described in greater detail at www.iec.ch/publications.

The committee has decided that the contents of this document will rema:n unnchanged until the
stability date indicated on the IEC website under webstore.iec.c> in ‘he data related to the
specific document. At this date, the document will be

e reconfirmed,

e withdrawn, or

e revised.
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MEASUREMENT OF THE COMPLEX PERMITTIVITY
FOR LOW-LOSS DIELECTRIC SUBSTRATES
BALANCED-TYPE CIRCULAR DISK RESONATOR METHOD

1 Scope

This document relates to a measurement method for complex permittivity of dielectric substratec
at microwave and millimeter-wave frequencies. This method has been developed to evea'uate
the dielectric properties of low-loss materials used in microwave and millimeter-wave circuits
and devices. It uses higher-order modes of a balanced-type circular disk resonator and provides
broadband measurements of dielectric substrates by using one resonator, where th= eii~ct of
excitation holes and that of fringing fields are taken into account accurately on the bas’s of the
mode-matching analysis.

In comparison with the conventional method described in IEC 62810 and IEC “1338-1-3, this
method has the following characteristics:

» the values of the relative permittivity er' and loss tangent tano nor nal to dielectric plate
samples can be measured accurately and non-destructively:

e this method presents broadband measurements by usin_ mgher-order modes by one
resonator;

o this method is applicable for the measurements u.xde. the following conditions:
— frequency: 10 GHz < /< 170 GHy;

— relative permittivity: 1< er' <10;

— loss tangent: 104 < tan § 21072,
2 Normative references

There are no normative references in this document.

3 Terms and definitionc
No terms and definiv.ons are listed in this document.

ISO and 'EC ma.~tain terminology databases for use in standardization at the following
addresses:

o |EC \lectropedia: available at https://www.electropedia.org/
». 130 Online browsing platform: available at https://www.iso.org/obp

o Measurement parameters

The measurement parameters are defined as follows:

& = & — Jér (1)
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