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Abstract—The differences between extracting and measurement methods are presented which are used at millimeter wave 
frequency band (Ka and W bands), in this study. The common using measurement methods (Free Space Measurement, 
Waveguide, Coaxial Probe, and Resonant Cavity) are described with their features. In addition, the advantage of 
Newton-Raphson extracting technique is presented. Furthermore, the thickness effect is showed in process of obtaining the 
dielectric constant at Ka-band. 
 
Index Terms—Dielectric constant, free space measurement, genetic algorithm, newton-raphson method. 
 
I. INTRODUCTION 
 
The complex permittivity is an important parameter to 
understand the behavior of materials when a material 
interacts with an electromagnetic wave. It can be 
obtained using several measurement methods which 
are divided into two categories as resonant and 
non-resonant. The non-resonant group is suitable for 
broadband frequency, while the other can be used to 
characterize the materials at single frequency point. 
The reflection and transmission S-parameters are 
collected using a non-resonant method[1]–[3]. 
 
The electromagnetic waves are reflected from metallic 
surfaces, while they can penetrate and transmit 
dielectric materials such as paper, glass, teflon, and 
quartz. Therefore, these features can be used to 
characterize the materials at microwave and 
millimeter wave frequency range[4], [5]. Therefore, 
the dielectric properties depend on some features 
which are related inner or outer reason of materials 
such as frequency, composition, bulk density, 
moisture content, and temperature [6]. 
 
Accurate of dielectric properties can be achieved over 
wide frequency range by free space measurement 
method. The accuracy mainly depends on the 
performance extracting technique and measurement 
setup. Therefore, the most common using Free Space 
Measurement (FSM) method is described in detail 
since it has many advantages. The collected data by 
FSM is used to extract the desired value[7]. Analytical 
or numerical techniques calculate the permittivity, loss 
tangent and refractive index using related equations. 
The Newton-Raphson technique, which gives a 
numerical solution, is more appropriate since it can 
extract the dielectric constant by reflection 〖(S〗
_11) or transmission 〖(S〗_21) parameter[2]. 
 
The permittivity is expressed as ε=ε'-jε'', where ε is the 
complex permittivity and ε' is real part of the dielectric 
constant and which is defined as the energy storage 
ability of materials. In other words, it represents how 

much electrical energy is absorbed when an electric 
field is applied on the material. And, ε'' is the 
imaginary part of the dielectric constant, which is also 
called as the dielectric loss factor. It expresses how 
much the material can dissipate energy to electric 
field. Moreover, the ratio between the dielectric 
constant and loss factor is defined as the dissipation 
factor or loss tangent: tanδ=ε''/ ε'. Here, the loss 
tangent states the ratio of the loss energy to the stored 
energy[1], [8]. 
 
In this paper, two different extracting techniques 
(Newton-Raphson and Genetic Algorithm) were 
compared to obtain the dielectric constant of Glass and 
Rexolite at Ka and W bands, respectively. The 
performance of Newton-Raphson technique was 
determined as better than Genetic Algorithm, since it 
can be extracted the desired value using just 〖(S〗
_21)transmission parameter. Furthermore, the glass 
sample was analyzed with different thicknesses at 
Ka-band to show effect of thickness for extracting the 
dielectric constant. In addition, this study give a short 
literature review for Glass and Rexolite samples, 
beside comparing two different numerical techniques. 
 
II. MEASUREMENT AND EXTRACTING 
PROCESS 
 
Several methods are used to determine the dielectric 
properties of materials. In this study, the differences 
between commonly used measurement methods have 
been given in Table I,which is summarized from the 
literature[1], [8], [9]. As it can be seen from this table, 
some of measurement methods are suitable for solids 
while others are more appropriate for liquids. 
However, simplicity in application comes into 
prominence along cost. The important properties that 
should be considered in choosing a measurement 
method are the high accuracy, low cost, simple process 
stages, and fast measurement [3]. 
 
To measure with FSM, which is a non-destructive and 
non-contacting method in free space, the material is 
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placed between transmitter and receiver antennas to 
collect reflection and transmission data using VNA 
without any physical contact to sample as shown in 
Fig. 1. These data are used to extract the dielectric 
properties. However, the sample size can be a problem 
at low frequency due to errors can occur onto edge of 
sample as diffraction and multiple reflection[1]. There 
is no need to use a quartz plate for measuring hard 
samples such as teflon, glass, etc. That is because 
sagging of hard materials can be ignored while they 
are placed on the sample holder [7]. 
 

Table I. Comparison of Measurement Methods 

 
 
The material forms are shown by the abbreviation such 
as S: Solid, L: Liquid, and G: Gas. In the same way, 
non-destructive and destructive terms are shown as 
ND and D, respectively.  

 
Fig. 1. The free space measurement method 

 
The dielectric properties can be determined at wide 
frequency range using different extracting techniques 
such as Nicolson Ross Weir (NRW), NIST iterative, 
Newton-Raphson (NR), and Genetic Algorithm (GA). 
All techniques extract the complex permittivity as a 
function of frequency[2]. When the thickness of 
sample is known, the Newton-Raphson technique can 
be used to obtain the dielectric properties (ε,tanδ) 
easily. It should be considered; a good initial value has 
to be chosen for obtaining the accurate dielectric 
constant. In addition, this algorithm has a significant 
advantage which is using of reflection or transmission 
parameters separately to extract the dielectric 
constant[10]. 
 
The second extracting technique, which is called GA, 
was used to verify the results of Newton-Raphson. GA 
is very common method for various engineering 
applications. Originally, this algorithm begins by 

randomly generating an initial population, which 
compose of genes or chromosomes. A chromosome is 
a string of binary digits that corresponds to a given 
solution of the problem [2]. Basically, this approach 
was used to extract the dielectric constant of samples 
with a good initial estimating value. 
 

 
Fig. 2. The flowchart of extracting process 

 
The differences between Newton-Raphson and 
Genetic Algorithms was described by the flowchart of 
extracting process in Fig. 2. The extracting process 
time is lower in Genetic Algorithm according 
Newton-Raphson technique. The accuracy is nearly 
same in these techniques. However, Newton-Raphson 
has a significant advantage which can be described as 
decreasing the workload. If a material has small 
reflection parameter 〖 (S〗_11), the transmission 
parameter 〖 (S〗 _21) is sufficient to obtain the 
dielectric constant or loss tangent. In contrast, the 
lossy materials have low transmission parameter, 
therefore only reflection parameter is sufficient for 
extracting process.  Hence, Newton-Raphson 
technique supplies a convenience using only one 
parameter. 
 
III. RESULTS AND DISCUSSION 
 
The permittivity of Glass and Rexolite were extracted 
using S-parameters of samples which were obtained 
by Vector Network Analyzer in free space. Two 
different frequency band were selected to understand 
the performances of Newton-Raphson and Genetic 
Algorithm. These techniques have been applied on 
Rexolite sample and the results are shown in Fig. 3. 
The rexolite sample has stable value of dielectric 
constant from 2.52 to 2.54. The measured and 
calculated 〖 (S〗_21) transmission parameter are 
almost overlapping due to the performance of 
Newton-Raphson technique is successful.  
 
The extracted parameters are compared with published 
by previously data. The small differences of dielectric 
constant values can be occurred due to some factors 
like different set-up methods, extracting techniques 
and even thethickness measurement accuracyas shown 
in Table II. The results of three different types of Free 
Space Measurement (FSM) method, which are FSM, 



International Journal of Industrial Electronics and Electrical Engineering, ISSN: 2347-6982 Volume-5, Issue-3, Mar.-2017 
http://iraj.in 

The Effect of Thickness and Extracting Technique for Dielectric Properties 
 
7 

Quasi-Optical FSM (QO-FSM) and Arch-FSM, were 
summarized from literature. 

 
Fig. 3. S_21 parameter and permittivity for Rexolite 

 
Table II. Dielectric constant for rexolite from literature 

 
 
The thickness is shown as THK and its unit is mm. The 
frequency band unit is GHz, here. NLS is an 
abbreviation for nonlinear least-squares extracting 
techniques which is used to calculate the dielectric 
properties. The performance of Newton-Raphson 
technique can be observed in Fig. 4 for Glass sample 
as in Rexolite sample. The thickness of the sample has 
some impact on the extracted dielectric constant. 
Therefore, the permittivity of glass samples with four 
different thicknesses was shown in this figure. The 
differences can be seen clearly, when looking at the 
zoom region in same figure. 
 
Collecting transmission parameter of 18.22 mm 
thickness is simplified by Vector Network Analyzer 
(VNA) because of being transparent, in spite of its 
thick. Hence, the dielectric constant of sample can be 
calculated easily using NR extracting technique. In 
Fig. 5, the differences between 9.84 mm and 18.22 
mm thicknesses were showed in regard to real and 
imaginary part of S_21, respectively. When the 
thickness has doubled, the collected signal pattern 
repeats twice. This repetition effects the results which 
are affected slightly changing of thickness. 
 
To compare our results of glass sample with the 
previously published results we have found that some 
publications give constant (stable) dielectric constant 

of glass material. Whereas, other results are presented 
as a range as shown in Table III. The reason for that is, 
there are many kinds of glass samples such as 
borosilicate, bottle or fused silica etc. Therefore, the 
real part of permittivity or loss factor of glass can be 
different. In addition, the dielectric constant depends 
on glass generation and glass contents. However, 
some differences of dielectric constant changing can 
be occurred for same sample. But this situation can be 
neglected due to the fact that these differences are very 
small in the frequency range 8-110 GHz. 

 
Fig. 4. Permittivity for glass with different thicknesses 

 
Table III. Dielectric constant for glass from literature 

 
 
The numerical techniques can be performed for thick 
materials to extract the dielectric properties. 
According the results, approximately 2 cm thickness 
(Glass sample) is appropriate to   understand the 
performance of extracting techniques. The Glass was 
especially chosen to understand the capability of 
techniques for thick samples which can be described 
transparent since its transmission parameter 〖(S〗
_21) value is high. 
 
We have used just S_21 transmission parameter of 
samples, in this study. Hence, the workload is reduced 
when used the Newton-Raphson technique as an 
extracting technique. The progress time is important to 
characterize the samples and identify them from 
database. Therefore, the quick and more accurate 
technique should be selected to obtain the desired 
values. The comparison of important points has been 
summarized in Table IV.  
Here, the performance of these numerical techniques 
depends on guessing the initial value to overcome the 
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Initial Value Problem (IVP) with high accuracy. This 
problem is a disadvantage according an analytical 
extracting technique such as Nicolson-Ross-Weir 
(NRW) which is common using method to obtain the 
dielectric properties. 

 
Fig. 5. Real and imaginary part of S_21 parameter 

 
Table IV. Comparison of numerical techniques 

 
 
CONCLUSION 
 
When two methods are compared according the 
extracted performance of dielectric constant of 
samples, the superiority of Newton-Raphson can be 
seen. When this technique is used, only transmission 
parameter is sufficient for extracting process. 
Meanwhile, Genetic Algorithm is more suitable than 
Newton-Raphson technique in terms of accuracy on 
the whole frequency band. The convenience of FSM 
method can supply a simplicity measurement process 
above 100 GHz. All progress can be repeated under 
different temperature conditions for dielectric 
materials.   
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