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Foreword 
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microwave passive components, of IEC TC 46, Cables, wires, waveguides, R.F. connectors, R.F. and 
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was approved by CENELEC as EN 62562 on 2011-01-02. 

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

The following dates were fixed: 

– latest date by which the EN has to be implemented 
 at national level by publication of an identical 
 national standard or by endorsement 

 
 
(dop) 

 
 
2011-10-02 

– latest date by which the national standards conflicting 
 with the EN have to be withdrawn  

 
(dow) 

 
2014-01-02 

Endorsement notice 

The text of the International Standard IEC 62562:2010 was approved by CENELEC as a European 
Standard without any modification. 
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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:  

• the relative permittivity 'ε  and loss tangent δtan  values of a dielectric plate sample can be 
measured accurately and non-destructively; 

• temperature dependence of complex permittivity can be measured; 

• the measurement accuracy is within 0,3 % for 'ε  and within 5×10–6 for δtan ; 

• 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        : 2 GHz <  f    <  40 GHz; 

– relative permittivity: 2    <  'ε    <  100; 

– loss tangent        : 10–6  < δtan   <  10-2. 

2 Measurement parameters 

The measurement parameters are defined as follows: 

 )/("' 0EDjr εεεε =−=  (1) 

 '/"tan εεδ =  (2) 

        
-  
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where 

D   is the electric flux density; 
E   is the electric field strength; 

0ε   is the permittivity in a vacuum; 

'ε  and ''ε   are the real and imaginary components of the complex relative permittivity rε ; 

εTC   is the temperature coefficient of relative permittivity; 

Tε  and refε   are the real parts of the complex relative permittivity at temperature T  and 
reference temperature refT  (= 20 °C to 25 °C), respectively. 
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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 MH 2=  is cut into two halves in the middle of its 
length.  

A dielectric plate sample having 'ε , δtan  and thickness t  is placed between these two halves. 

The TE011 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 'ε  
and δtan  from the measured values of the resonant frequency 0f  and the unloaded Q-factor 

uQ . This numerical calculation, however, is rather tedious.  

Therefore,  

a) approximated values a'ε  and atanδ  from the 0f  and uQ 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 'ε  and δtan  from a'ε  and atanδ  using charts calculated from the 
rigorous analysis will be obtained. 

 
 
 
 
 
 
 
 
 
 

Figure 1a – Resonator used in measurement Figure 1b – Resonator to calculate ε’a and tanδa 

Figure 1 – Resonator structures of two types 

The value of a'ε  is given by 
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where c  is the velocity of light in a vacuum ( m/s109997,2 8×=c ) and the first root X  is  

calculated from a given value Y , using the following simultaneous equations: 
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with cfk 00 2π= , Rjk 01r '= , and 73831,3'01 =j  for the TE011 mode. When 0r0 <− kk , Y  is 
replaced by 'jY . 

The value of atanδ  is given by 
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where sR  is the surface resistance of the conductor of cavity, given by 
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Here, μ  and σ  are the permeability and conductivity of the conductor. Furthermore, rσ  is the 
relative conductivity and S/m108,5 7

0 ×=σ  is the conductivity of standard copper. Constants A  
and B  are given by 
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In the above, eW1  and eW2  are electric field energies stored in the dielectric plate of region 1 
and air of region 2 shown in Figure 1a. Furthermore, 1cyP , 2cyP   and endP  are the conductor 
loss at the cylindrical wall in the region 1, 2 and at the end wall. These parameters are given 
by 
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