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Abstract-An improved TR (transmission/reflection) method 

for measuring the complex permittivity of powder and liquid 
samples with slabline is provided in this paper. The method can 
afford quite high accurate measurement results without 
singularities, and broaden the operating frequency band to 
2-18GHz. Some experiments are carried out to verify the 
feasibility of the improved TR method for permittivity 
measurement. The proposed method is validated by the 
measurement of the permittivity of Teflon from 2GHz to 18 GHz. 
Some useful conclusions are obtained for the development of 
measurement methods. 

I. INTRODUCTION 

It is of high practical value in modern medical research 
field that applying the biological electromagnetic effects of 
microwave radiation in clinical application, such as, physical 
therapy and cancer hyperthermia. The study [1]-[3] found, the 
best curative is closely related with microwave frequency and 
radiation, and different biological tissue has different 
electromagnetic properties. In order to select the best 
frequency and the amount of radiation, it is necessary to 
comprehensively understand the electromagnetic properties of 
biological tissue or the microwave equivalent phantom model 
of simulated biological tissues. Therefore, measuring the 
complex permittivity of the powder and liquid materials is of 
great significance for the development of bio-pharmaceutical.  

Both at home and abroad, researchers adopt the scattering 
parameter method for measuring the complex permittivity of 
solid matter, which can’t measure the paste-like substance. In 
order to broaden the measurement bandwidth, TR method 
with one sample in coaxial line [4] is proposed which covers 
4-8GHz. But, there are several other issues to resolve, such as 
difficulty of manufacturing the sample under test, and the air 
gap which has great effect on the measuring accuracy. 
Actually, the TR method with one sample in rectangular 
waveguide can not only broaden the measurement bandwidth, 
but also reduce degree of difficulty of processing of the 
sample. Nonetheless, the measurement system is very difficult 
to clean up. To sum up, we proposed an improved TR method 
with one sample in slabline. 

In this paper, we introduced an improved TR method by 
using famous SOLT calibration method in section II. The 
improved TR method using equivalent techniques can 
eliminate the errors coming from mismatches between 

connectors, the affection of Teflon blocks which is used to 
fasten the powder and liquid samples being test on the 
measure system, and the instabilities of the calibration kit. To 
sum up, the proposed method can accurately measure the 
relative permittivity of microwave materials.  

 
II. THE IMPROVED TR METHOD 

A. Slabline measurement system 
The slabline is a transmission line where a thin wire 

replaces a printed trace for an inductor. In order to obtain 
small return loss in the measurement system, the slabline 
fixture is optimized for getting the characteristic impedance 
50 Ohm in the whole operating frequency band (2-18GHz). 
The real fixture of slabline is shown in Fig.1. From the picture, 
it can be seen that the slabline fixture connected with VNA 
(vector network analyzer) by APC-7 converter. Furthermore, 
it is necessary to design a transition between slabline and 
cable. In this paper, we adopted impedance linear 
transformation in this transition.  

 
Figure 1. The real measurement system.  
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Figure 2. S21 of the structure. 
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Figure 3. Equivalent length of the structure. 

It is also assumed that only the dominant mode (TEM) is 
presented in the slabline, the metallic material of slabline is 
ideal conductor, and the measurement frequency (2-18GHz) is 
limited so that the higher-order modes cannot propagate. 
According to the definition of S-parameters, the S21 of a part 
of slabline can be written as [5]: 

( )θjS −= exp21                (1) 
  λπθ /2 l=                   (2) 

where l and λ are, respectively, the length of a slabline and 
operating wavelength. If there is a lossless network which is 
operating on its dominant mode (TEM), it is feasible to 
consider this network as a transmission line.  

In this paper, the slabline structure is assumed lossless, 
and it is easy to find that the dominant mode operating in this 
slabline structure is TEM. Hence, we apply this equivalent 
length theory to the calculation of the equivalent length of the 
slabline fixture. The measurement results of S21 and the 
equivalent length of slabline fixture are, respectively, shown 
in Fig.2 and Fig.3. The value of S21 is not equal to zero in the 
operating frequency band. And the return loss in the fixture is 
from the unideal conductor. The fluctuation in the line of 
Fig.3 is due to the unperfected match between slabline and 
coaxial line. In the following calculation, the average value 
279mm of measurement data is chosen as the equivalent 
length.  

To sum up, the permittivity of powder and liquid sample 
can be calculated from a new fixture which is quite similar to 
the proposed system. The system is added two Teflon blocks 
which is fixed the powder and liquid samples. Furthermore, 
we can calibrate the affection of Teflon blocks by using the 
equivalent theory. 

B. The TR method 
In this paper, it is assumed that the dielectric sample under 

test is isotropic, symmetric, and homogeneous. It is also 
assumed that only the dominant mode (TEM) is presented in 
the slabline structure and there is no air gap between the 
sample and the measurement cell. For an isotropic and 
symmetric sample region, the reflection coefficient at the port 
and the transmission coefficient of the network [6] can be 
expressed as the following equations: 
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where εr and μr are, respectively, the relative complex 
permittivity and the relative complex permeability of the 
dielectric sample under test, and d is the thickness of sample, 
ηr is the wave impedance in the dielectric region, k is the 
propagation constant of electromagnetic wave in the sample 
region, k0 is the propagation constant of electromagnetic wave 
in vacuum . 

According to the relationship between scattering 
parameters and transmission and reflection coefficients, the 
scattering parameters of the measurement cell can be written 
as: 
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where S11s and S21s are the measured value of the sample end. 
It is important that the S11s and S21s must be the data which has 
calibrated conductor loss of the entire slabline fixture [7] as 
shown in Fig.2. It can be calculated from the real measured 
data, S11 and S21, which are the value of the whole slabline 
structure. The calculating formula can be written as the 
following equations, where l and d are, respectively, the 
equivalent length of the slabline fixture and the sample 
thickness. 

( )[ ]dljkSS S −⋅= 01111 exp            (9) 

( )[ ]dljkSS S −−⋅= 02121 exp       (10) 
From (7) and (8), we can get T and Г. And then, from (3) 

and (4), k and ηr can be obtained. The formula of k can be 
written as the following Equation (11), and where θ is the 
phase angle of T. 



dTjdk /ln/ += θ          (11) 
In conclusion, εr and μr of the dielectric sample under test 

can be given. 
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III. MEASUREMENT RESULTS 

In order to verify the feasibility of the improved TR 
method for permittivity measurement, a number of 
experiments were carried out. In the experiments, the VNA 
E8363B (Agilent) and a slabline fixture shown in Fig.1 are 
used for measurements. The dielectric sample under test in 
this system is Teflon placed in the center of the slabline 
fixture. Based on the principle [6] that the performance of 
Teflon is quite stable, Teflon is chosen as the standard sample 
to test the accuracy of the measurement system by 
considering the cost of the test, as shown in Fig.5. Fig.6 
shows the calculated permittivity of air with certain thickness 
(10mm).  

 
Figure 5. The Teflon samples. 
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Figure 6. The permittivity of Teflon sample. 

The real part of permittivity of Teflon (Fig.6) ranges from 
1.96 to 2.11, and the loss tangent of Teflon is range from 
0.0043 to 0.0046. The relative complex permittivity of the 
Teflon is 2.02-j0.0001 [7] in the operating frequency band 
2-18GHz. As we know, the error of TR method is larger than 
any other methods. Furthermore, the error of the real part of 
complex permittivity is 0.01 [8] in TR method, the proposed 
TR method for measuring the permittivity is quite effective 
and acceptable, as well as high accurate. 
  

IV. CONCLUSION 
We have shown the improved TR method suited to 

measure the dielectric material with low loss. The 
experiments of air and Teflon are proved that the proposed 
method can be used in the test system effectively and quite 
simply. From the measured data, there are errors in TR 
method, which come from mismatch at the connections 
between slabline fixture and the joint of VNA, imperfection 
of the metallic material of slabline, imperfection of Teflon 
sample processing, inaccuracy of the thickness measurement 
of the sample, etc. With the manufacture process of composite 
sample [4] and the application of logarithm principle of 
Lichtenecker [9], the proposed TR method can be used to 
measure the permittivity of powder and solid samples. The 
application of TR method for permittivity measurement in 
biological pharmacy is of practical significance in 
environmental protection and universal health. 
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