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INTERNATIONAL ELECTROTECHNICAL COMMISSION

––––––––––––

WAVEGUIDE TYPE DIELECTRIC RESONATORS –

Part 1-3: General information and test conditions –
Measurement method of complex relative permittivity for

dielectric resonator materials at microwave frequency

FOREWORD

1) The IEC (International Electrotechnical Commission) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of the 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, the IEC publishes International Standards. 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. The 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 the 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 National Committees.

3) The documents produced have the form of recommendations for international use and are published in the form
of standards, technical specifications, technical reports or guides and they are accepted by the National
Committees in that sense.

4)  In order to promote international unification, IEC National Committees undertake to apply IEC International
Standards transparently to the maximum extent possible in their national and regional standards. Any
divergence between the IEC Standard and the corresponding national or regional standard shall be clearly
indicated in the latter.

5)  The IEC provides no marking procedure to indicate its approval and cannot be rendered responsible for any
equipment declared to be in conformity with one of its standards.

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

International Standard IEC 61338-1-3 has been prepared by IEC technical committee 49:
Piezoelectric and dielectric devices for frequency control and selection.

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

FDIS Report on voting

49/444/FDIS 49/449/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 3.

Annex A is for information only.

This standard forms part 1-3 of IEC 61338.
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IEC 61338, Waveguide type dielectric resonators, consists of the following parts:

Part 1-1: General information and test conditions – General information (IEC 61338-1-1)

Part 1-2: General information and test conditions – Test conditions (IEC 61338-1-2)

Part 1-3: General information and test conditions – Measurement method of complex relative
permittivity for dielectric resonator materials at microwave frequency (IEC 61338-1-3)

Part 2: Guide to the use of waveguide type dielectric resonators (IEC 61338-2) (under
consideration)

Part 3: Standard outlines (IEC 61338-3) (under consideration)

The committee has decided that this publication remains valid until 2003. At this date, in
accordance with the committee's decision, the publication will be

• reconfirmed;

• withdrawn;

• replaced by a revised edition, or

• amended.
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INTRODUCTION

Dielectric materials for microwave resonators and filters have high relative permittivity, a low
loss factor and superior temperature stability of resonance frequencies. Knowledge of these
parameters is of primary importance for the development of new materials on the supplier side
and for the design of dielectric microwave components on the customer side.

The parameters of dielectric resonator materials needed for the design of microwave
components are:

– the real component ε' of the complex relative permittivity;

– the loss factor tan δ;

– the temperature coefficient of resonance frequency (TCF);

– the temperature dependence of tan δ.

Several measurement methods are proposed to determine the complex permittivity at
microwave frequencies:

– the dielectric rod resonator method using TE011 resonance mode;

– the cylindrical cavity method using TE01δ resonance mode;

– the perturbation method using a cylindrical cavity;

– the S-parameter method using a coaxial line.
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WAVEGUIDE TYPE DIELECTRIC RESONATORS –

Part 1-3: General information and test conditions –
Measurement method of complex relative permittivity for

dielectric resonator materials at microwave frequency

1 Scope and object

This part of IEC 61338 describes the dielectric rod resonator measurement method for a wide
range of microwave dielectric properties in practical applications. This method has the
following characteristics:

– a complete and exact mathematical solution of complex relative permittivity is given by
easy computer software;

– the measurement error is less than 0,3 % for ε′  and less than 0,05 × 10–4 for tan δ;

– the TCF is directly measured without any compensation with a measurement error less
than 1 × 10–6/K.

The object of this standard is to describe the measurement methods of the complex relative
permittivity of dielectric resonator materials at microwave frequencies by means of the
dielectric rod resonator method short-circuited at both ends by parallel conducting plates. The
measuring parameters are ε′ , tan δ, TCF and the temperature dependence of tan δ at the
resonance frequency. The dielectric materials are assumed to be isotropic and homogeneous.

2 Measuring parameters

The terms of the measuring parameters are defined as follows:

εr = ε' – jε'' = D/(ε0 E) (1)

tan δ = ε''/ε' (2)

TCF = αε    TC  −−
2
1

(3)

where

D is the electric flux density;

E is the electric field strength;

ε0 is the electric constant;

ε' and ε'' are the real and imaginary components of the complex relative permittivity εr.

It should be noted that the TCF is defined by equation (3) as the material constant, TCε being
the temperature coefficient of relative permittivity and α the coefficient of thermal expansion
of the dielectric specimen. Each of the temperature coefficients is given as follows:
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