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INTERNATIONAL ELECTROTECHNICAL COMMISION

CAVITY RESONATOR METHOD TO MEASURE THE COMPLEX
PERMITTIVITY OF LOW-LOSS DIELECTRIC PLATES

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 62562 has been prepared by subcommittee 46F: R.F. and
microwave passive components, of IEC technical committee 46: Cables, wires, waveguides,
R.F. connectors, R.F. and microwave passive components and accessories.

This first edition cancels and replaces the PAS published in 2008.

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

CbhV Report on voting
46F/118/CDV 46F/143/RVC

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.
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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.

A bilingual version of this publication may be issued at a later date.

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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CAVITY RESONATOR METHOD TO MEASURE THE COMPLEX
PERMITTIVITY OF LOW-LOSS DIELECTRIC PLATES

1 Scope

The object of this International Standard is to describe a measurement method of dielectric
properties in the planar direction of dielectric plate at microwave frequency. This method is
called a cavity resonator method. It has been created in order to develop new materials and to
design microwave active and passive devices for which standardization of measurement
methods of material properties is more and more important.

This method has the following characteristics:

e the relative permittivity &' and loss tangent tan¢d values of a dielectric plate sample can be
measured accurately and non-destructively;

e temperature dependence of complex permittivity can be measured;

e the measurement accuracy is within 0,3 % for &' and within 5x10-6 for tanJ;

e fringing effect is corrected using correction charts calculated on the basis of rigorous
analysis.

This method is applicable for the measurements on the following condition:

frequency :2GHz< f < 40 GHgz;

relative permittivity: 2 < ¢ < 100;

loss tangent 1106 < tand < 102
2 Measurement parameters

The measurement parameters are defined as follows:

£, =&-je"=D/(gyE) (1)
tand ="/ &' (2)
E."E
TCe=—1 51" Cref 406 (1x10-6/K) (3)
Eref T = Tref
where
D is the electric flux density;
E is the electric field strength;
& is the permittivity in a vacuum;
g and &" are the real and imaginary components of the complex relative permittivity &, ;
TCe is the temperature coefficient of relative permittivity;

& and g are the real parts of the complex relative permittivity at temperature 7 and
reference temperature T, (= 20 °C to 25 °C), respectively.


https://standards.iteh.ai/catalog/standards/iec/635eb679-9a0c-4f0e-bf61-391c2061eb0a/iec-62562-2010

~6- 62562 © IEC:2010(E)

3 Theory and calculation equations

3.1 Relative permittivity and loss tangent

A resonator structure used in the nondestructive measurement of the complex permittivity is
shown in Figure 1a.

A cavity having diameter D and length H =2M is cut into two halves in the middle of its
length.

A dielectric plate sample having &', tand and thickness ¢ is placed between these two halves.

The TEyq4 mode, having only the electric field component tangential to the plane of the
sample, is used for the measurement, since air gaps at the plate-cavity interfaces do not
affect the electromagnetic field. Taking account of the fringing field in the plate region outside
diameter of the cavity on the basis of the rigorous mode matching analysis, we determine &'

and tan¢d from the measured values of the resonant frequency f, and the unloaded Q-factor
0O, - This numerical calculation, however, is rather tedious.

Therefore,

a) approximated values &', and tand, from the f;, and Q,values by using simple formula for

a resonator structure shown in Figure 1b, where a fringing effect for Figure 1a is neglected,
will be determined;

b) then, accurate values ¢' and tand from &', and tand, using charts calculated from the
rigorous analysis will be obtained.

A, Dielectric plate

| /with £ Y
:M e E- r
d_ - s LS Y
. > g il > X
:I I Q KJ
!
M| M M M
3 g 3 g
IEC 127/10 IEC 128/10

Figure 1a — Resonator used in measurement Figure 1b — Resonator to calculate £, and tand,

Figure 1 — Resonator structures of two types

The value of &', is given by

2 2
o= c y2 _YZ(LJ 41 (4)
&\ nr sy 2M

where c¢ is the velocity of light in a vacuum (¢ =2997 9 x108m/s ) and the first root X is

calculated from a given value Y, using the following simultaneous equations:
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XtanX=LYcotY (5)
2M

Y = Myko? - k2 = 1" (6)

with kg =2nfy/c, kr = j'01/R, and j'g1=383173 for the TEy,4 mode. When ky —k, <0, Y is
replaced by jY'.

The value of tand, is given by

tans, =Qi-RSB (7)

u

where R is the surface resistance of the conductor of cavity, given by

R = "{%“ (/S), =040, (SIm) (8)

Here, 14 and o are the permeability and conductivity of the conductor. Furthermore, o, is the

relative conductivity and o, =58x10”S/m is the conductivity of standard copper. Constants 4
and B are given by

We
4=1+—2 (9)

wy

P+ Poyo + P
B= cyl cy2 end (10)
R W

In the above, W and W,° are electric field energies stored in the dielectric plate of region 1
and air of region 2 shown in Figure 1a. Furthermore, £y, Fyo and P,y are the conductor

loss at the cylindrical wall in the region 1, 2 and at the end wall. These parameters are given
by

T o2 2.0 2,2, sin2X
W1e :E‘C;O‘gaﬂow Jo1 Yo (J01)t(1+ 2 j (11)

: 2

T 2 2.2 .2/. sin2Y ) cos“ X
we=""¢ w Ja 1T — 12
2 4 0l @ Jpq 0(]01)M( 21 jsinzY (12)
T 2( 4 4 sin2X

Feyt =ZRSJ0 (J 01)ter (1"‘ oY j (13)
Puya =& Res2 oy JMRKA[1- SN2V | cos” X (14)

cy2 5 's”0 J 01 r oy sin2y
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2 2
T N2 .2/, Y cos® X
Pong =—Rsj' 01 J, ' — 15
end 2 sJ 01 o(J01{Mj sin2Y (15)
Then, accurate values of ¢' and tand are given by
f=ey (1—A+5j (16)
€a
tan&:i(nﬁj—RSB(nﬁj (17)
Ou A B

where correction terms due to the fringing field Ae'/e',, A4/4 and AB/B are calculated

numerically on the basis of rigorous mode matching analysis using the Ritz-Galerkin method,
as shown in Figures 2 and 3. It is found from the analysis for a circular dielectric plate with
diameter d that f, converges to a constant value for d/D>12. The correction terms shown

in Figures 2 and 3 were calculated for d/D>15 . Therefore, the correction terms are
applicable to dielectric plates with any shape if d/D >12.

Measurement uncertainties of & and tand, A¢' and Atand are estimated as the mean
square errors and given respectively by

(Ae')? = (A )2 + (A, )2 +(ae'p )P +(Ae'y ) (18)
(Atand)? = (Atandpy)? +(Atan 5, )2 (19)

where Ae',, Ae',, A¢', and Ae'y, are the uncertainties of ¢' due to standard deviations of f;,

t, D, and H, respectively. Also, Atand is mainly attributed to measurement errors of Q,
and o, and Atand, and Atand, are uncertainties of tand due to standard deviations of

them, respectively.
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