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Abstract- This paper deals with an automated setup dedicated for characterization of dielectric properties of materials at 
microwave frequencies based on the reflection Ellipsometry technique. This instrumentation presents itself as an alternate 
and inexpensive choice to a vector network analyser. The complex permittivity of a soda lime glass sheet was measured. 
Interfaces involved in the automation of the Ellipsometry setup are briefly discussed. The numerical approach for determining 
the complex permittivity is also discussed. 
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I. INTRODUCTION 
 
Dielectric study of materials has got wide applications 
in science and technology. Complex 
permittivity ' "r r rj      is an important factor 
which should be considered while designing 
components for Communication especially at higher 
frequencies. This is because at lower frequencies the 
permittivity is almost constant and the loss factor is 
insignificant, but as the frequency increases the loss 
factor becomes more prominent. So in order to 
estimate the losses, a sound knowledge of the complex 
permittivity is a must. Experimental determination of 
materials is necessary because permittivity may not be 
available for that particular material and at a 
particular frequency. . The major advantage of this 
method is the non-destructive characteristics and by 
complete automation of this setup we can eliminate 
the human errors involved. This method is based on 
the measurement of the reflection and/or transmission 
coefficients associated with a flat large-aperture 
sample placed sufficiently far away from the 
transmitting antenna. This can be used in different 
configurations of angle of incidence, frequency, 
thickness. The basic underlying principle is that, by 
using  the complex permittivity of a homogenizable 
material ,we can compute the reflection or 
transmission coefficients for an arbitrary angle of 
incidence (Fresnel method) and different polarization 
states of the receiving antenna (the Ellipsometry 
method).Thus, conversely, the complex permittivity of 
the material can be deduced back from the power of 
the reflected or/and transmitted part of the wave, as a 
function of the angle of incidence (Fresnel method) or 
of the polarization of the receiving antenna (reflection 
or transmission Ellipsometry). In SI units, 

permittivity ε is measured in farads per meter (F/m) 
In this paper we are considering only the reflection 
Ellipsometry. Section II deals with the permittivity 
measurement. Section III describes the numerical 
approach to determine complex permittivity. Section 
IV describes the proposed experimental setup. Section 
V describes the automated system. Section VI presents 
the results. 
 
II. PERMITTIVITY MEASUREMENT 
 
Reflection Ellipsometry is a technique based upon the 
measurements of the change in polarization state of 
the incident electric field after it gets reflected from 
the sample. Once the angle of incidence is fixed, the 
reflected power dP   of the electric field is plotted as a 

function dP = (A)f   of polarization angle of the 
receiving antenna. Because of the changes in 
magnitudes and/or the phases of the Fresnel reflection 
co-efficients, the polarization changes from linear to 
elliptic. Estimation of complex permittivity r   
requires complex reflection co-efficient  . That can 
be calculated as follows 

/p sr r                                         (1) 

Where pr is the parallel reflection co-efficient and 

sr is the perpendicular reflection co-efficient.   

           
Complex reflection co-efficient can also be expressed 
in polar form 

tan( )exp(j )r r                                                  (2) 

Where r rp rs     is the difference in phases 

associated with pr  and sr respectively and 
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r represents the modulus of  .Thus r and 

r represents the amplitude shift and phase shift 
experienced by the parallel and perpendicular 
reflection co-efficients after the wave gets reflected 
from the sample. 
The total reflected electric field is proportional to 
incident electric field as follows  

(F, , ) Er i r iE r                                        (3) 

 
The Complex reflection co-efficient is a function of 
frequency F, angle of incidence i , complex 

permittivity of material r  and this dependence is 
expressed in the following equation 
 

2
(1 e x p ( 2 ) ) r '( F , , ) (1 r ' e x p ( 2 ) )i rr   

 
 

   (4) 
 

Where 2
0 sinr ik e    is the complex 

propagation factor, 0 02 /k    is the free space 

number. e  is the thickness of the material, 'r  is the 
reflection co-efficient at air-medium interface. pr and 

sr are defined by below given equations. 
 

2 2( sin cos )/( sin cos )p r i r i r i r ir                  

(5) 
2 2(cos sin ) / ( sin cos )s i r i r i ir          

                      (6) 
 
The Theoretical variations of the received power with 
respect to the angle of the receiver antenna are 
sketched in Fig. 1. 

 

 
Fig. 1.   Theoretical variations of received power with angle of 

the receiver antenna. 

Two crucial parameters can be extracted from this 

graph. They are the m in

m a x

P
P and the    angle of the 

receiver antenna at which maxP  occurs.    
 
III. PERMITTIVITY CALCULATION 
 

Using the  and m in

m a x

P
P  we can calculate the 

permittivity by following the below mentioned steps. 
 

1) The parameter    is related to the ratio m in

m a x

P
P  as 

follows 

tan( ) = m in

m a x

P
P                                    (7) 

 It should be stressed that tan( )  is also related to 
the elliptic       polarization as (see Fig. 2.) 

tan( ) = /b a                                         (8) 

2)  The parameters r  and can r  be deduced from 
the parameters    and   according to the  two 
fundamental relations of Ellipsometry. 

tan(2 ) tan(2 ) cos( )r r                (9) 

( ) (2 2 ) ( )r rsin sin sin               (10) 
3) Then the complex reflection co-efficient can be 
determined according to (1). 
4) After computing the reflection co-efficient, the 
complex permittivity can be found using (4) 
 

 
Fig. 2.  Ellipse of polarization of incident linearly polarized 

Electric field after its reflection from the sample 
 

IV. PROPOSED EXPERIMENTAL SETUP 
 

 
Fig. 3.   Block diagram explaining the overall setup 
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A. Block Diagram Explanation 
The above block diagram illustrates a method to find 
permittivity for a given substrate. The given 
substrate’s dimension should be greater than the 
dimension of the first Fresnel zone to overcome the 
diffraction effects and to maximize the receiver’s 
signal strength. The width of the first Fresnel zone can 
be calculated as follows 

 2 2 / ( 2 ) ( )ia R Rcos              (11) 

   / 2b R                                             (12) 

Where R  is the distance between sample and the 
transmitting antenna and    is the frequency of the 
wave emitted from transmitter antenna. 
 
The transmitting antenna is powered by klystron 
based power supply. The output wave is incident upon 
the substrate at an angle of 45 degrees. The reflected 
wave from the sample is the collected by the receiver 
antenna in the range of 0 to 89 degrees. All the angle 
measurements are made with respect to normal to the 
sample. The transmitted wave through the sample is 
collected in the range of 90 to 179 degrees. The 
rotational movement of the receiver antenna about the 
substrate is accomplished using a stepper motor which 
in turn is controlled by a computer’s parallel port. The 
receiver antenna’s voltage values are measured using 
a Digital Storage Oscilloscope which is connected to 
the computer.   
   
B. Computer aided design of the setup 
 

 
Fig. 4.   The mechanical portion of the proposed setup. (Three 

dimensional view) 
 
The setup consists of a round board of diameter 2 
meters on which there is a stationary sample stand and 
a stationary transmitting antenna which is inclined at 
angle of 45 degrees with respect to the sample’s 
normal. The receiving antenna is mounted on the 
outer end movable axle whose domain is 0 to 179 
degrees with respect to sample’s normal. The 
movement is aided by the stepper motor interface via 
gear box. In detail the fixed shaft of the motor is 
connected to a gear setup which in turns improves 
torque. The diameter of the circular board is so 
designed that, it fulfills the far-field condition.  

2 /2R D                                (13) 
 
V. AUTOMATED MEASUREMENT SYSTEM 
DESIGN 
 
From an automation point of view there are two things 
that need to be considered. They are the rotational 
movement of the receiving antenna and the 
measurement and storage of the received power 
values. The rotational movement of the receiving 
antenna has to be carefully implemented, because the 
antenna has to take power readings in the resolution of 
1 degree. The antenna won’t be moving in a 
continuous motion but in discrete steps. This discrete 
motion can be implemented with the help of a stepper 
motor. The second part to be automated is the 
measurement of received power values. We have used 
a Digital Storage Oscilloscope to measure the voltage values. 
 

A.  Motor Interface 
A stepper motor is essentially an electromechanical 
device which converts electrical pulses into discrete 
mechanical movements. In theory Stepper motor is 
brushless, contactless synchronous motor with the 
magnetic field electronically switched to rotate the 
armature magnet around. The shaft or spindle of the 
motor rotates in discrete step movements when 
electrical pulses are supplied in proper sequence. The 
sequence of applied pulses is directly related to the 
direction of motor shafts rotation.  The speed of 
rotation is directly proportional to the frequency of 
pulses. The number of pulses determines the length of 
rotation of the shaft. Thus by controlling the sequence, 
frequency and number of pulses, we can completely 
control the stepper motor. The pulses can be supplied 
from any controller and in our case the pulses are sent 
through computer’s parallel port. The point to be 
stressed here is that a parallel port cannot drive a 
stepper motor directly because a parallel port can 
output a maximum voltage of 5V and the voltages 
needed to drive the motor will be in terms in 10-24V. 
So a suitable motor driver IC can be used to amplify 
the voltages and in turn these amplified voltages can 
be fed to the stepper motor. 
 

 
Fig. 5.   Block diagram for the Motor Interface. 

 
B. Received Power Interface 

Since the receiver antenna values are to be collected at 
regular intervals, a device which can be programmed 
through computer is required. A Digital Storage 
Oscilloscope fits this description perfectly. The 
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voltage values are measured using Digital Storage 
Oscilloscope and then sent to the computer for further 
processing. MATLAB software is used to interface the 
Digital Storage Oscilloscope with computer. 
 

C. Permittivity Calculation 
After all the values have been obtained, maximum 
power and the corresponding angle is selected. 
Minimum power is also noted. The Complex 
permittivity can then be obtained by following the 
steps described in Section III .The entire user interface 
is programmed using GUIDE in MATLAB. 
 
VI. RESULTS 
 
An automated system for calculating the complex 
permittivity is proposed which will give better 

accuracy and will be cost-effective when compared 
with Vector Network Analyzer. Using the steps 
discussed in Section III a MATLAB code was written 
and the experiment was conducted on a soda lime 
glass and a relative complex permittivity of 
1.1-0.725*i was obtained.  
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