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Abstract- In this paper a novel miniature microstrip based split ring resonator designed for 1.1- 3 GHz frequency band is 
presented . The split ring concept is used to achieve small dimensions, high sensitivity, and compatibility with standard 
planar fabrication technologies. All these features make the proposed sensor suitable for measurement of moisture content 
and permittivity. The proposed sensor is designed and simulated using ADS simulation tool. The performance of this sensor 
is more accurate than the conventional closed loop square resonator in terms of its frequency response related to dielectric 
constant. 
 
Keywords- Split-ring Resonators, Microstriop, Moisture Content, Permittivity 
 
 
I. INTRODUCTION 
 
Permittivity is an important material characteristic for 
electrical engineers. The response of a material to 
electrical signals depends on the permittivity of 
materials. Thus, precise determination of the 
permittivity is an important task for microwave 
circuit design, antenna design, and for microwave 
engineering in general. Material characterization has 
applications in areas such as quality control in the 
food industry, biosensing, substrate properties etc., 
Many methods have been proposed and used for 
material characterization. These methods can be 
classified as free-space methods, transmission-line 
methods, near-field sensors, and resonant cavity 
methods. 
 
The sensors for dielectric characterization should be 
precise, low-cost, reliable, durable, safe to use,easy to 
fabricate, consume less power and perform 
nondestructive measurements. The type of sensor that 
meets all listed demands is an electromagnetic sensor 
that operates on the principle of the permittivity 
measurement, due to the fact that permittivity 
strongly depends on the volumetric moisture content 
in any low loss dielectric material. Microstrip 
architecture is suitable for the realization of the 
sensor because the propagation of the electromagnetic 
waves along a microstrip depends on the medium that 
surrounds it. Microstrip circuits are low-cost and easy 
to fabricate. Typically, they operate at the GHz 
frequency range and, therefore, can be used to 
perform non destructive measurements and at the 
same time are fully compatible with conventional 
fabrication technologies such as PCB (printed circuit 
board).  
 
In this paper, we present a new method for sensing 
material properties. The use of electrically small 
resonator as a near-field sensor is introduced and 
demonstrated. More specifically, the behaviour of a 
split-ring resonator (SRR) as a sensor for material 

characterization is analysed. The split ring resonator 
(SRR) is a common structure to obtain negative 
effective permeability and is used in designing 
metamaterials.  Another variant of the SRR is the 
Square SRR (S-SRR)which has more degrees of 
freedom from the design aspect. The SRRs possess 
large magnetic polarizability and exhibit negative 
effective permeability for frequencies close to their 
resonant frequency. They also show a large magnetic 
dipole moment when excited by a magnetic field 
directed along its axis. 
 
The proposed sensor operates  based on the principle 
of the resonant frequency shift which varies in 
accordance with the permittivity is designed and 
simulated using ADS simulation tool and shows 
considerable reduction in size compared with the 
single loop square resonator resonates at the same 
fundamental frequency. The sensor introduces a shift 
in the resonant frequency according to the sample 
dielectric placed over the configuration. 
 
II. MINIATURIZATION OF LOOP 

RESONATORS 
 
Since size reduction is always important, the planar 
resonator frequently requires a change in geometry 
for circuit miniaturization. The loop resonators are 
equivalent to LC tank circuits which resonate at a 
particular frequency depending on its dimension 
when properly excited by the electromagnetic fields. 
When placed in close proximity to thetransmission 
line, it inhibits the propagation of signal from input 
port to the output port.The same structure can also be 
used for coupling the power from input to output at a 
particular frequency band. Reducing the resonant 
frequency by open loop and foldingtechnique is the 
theme of present work. Miniaturization is also 
brought about by altering the coupling technique. The 
closed loop resonators are full wavelength resonators 
which are larger in dimension and less preferred for 
compact devices. The size of the resonator can be 
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further reduced by employing open loop resonators 
(OLR) which resonates at half the frequency as that 
of the closed resonator with same dimension. Open 
loop resonators are also considered as a microstrip 
line loaded with folded openstubs at both ends, are 
essentially folded half- wavelength resonators.  
 
Another type of distributed line resonators called split 
ring resonators (SRR), and complementary split ring 
resonators(CSRR) formed by two coupled conducting 
open loop resonators .They are considered as 
electrically small resonators with very high Q and 
very useful structure constructing antennas and filters 
requiring sharp notch or pass a certain frequency 
band. The signal propagation is inhibited at the 
resonant frequency of the resonator. 
 
A miniaturized resonator is demonstrated in to 
achieve a 37% reduction in area when compared 
against a square closed loop resonator of equivalent 
resonant frequency using slow wave structures in the 
form of capacitively loaded microstripline. 
 
Fractals are used for reducing the size of the 
resonator where these techniques are used for 
designing antennas and filters. Minkowski is such a 
fractal geometry which gives the size reduction of 
50% in the area occupied by the conventional square 
loop resonators. 
 
III. SRR FOR DIELECTRIC 

CHARACTERIZATION 
 
The electric field energy and the magnetic field 
energy stored in the structure must be equal to each 
other at the resonant frequency of a resonating 
structure. The resonant frequency changes when a 
material interacts with the stored magnetic and/or 
electric field energy or when a material disturbsthe 
field distribution. The change in the resonant 
frequency and the material properties of the sample is 
related to each other by the following equation  
 
∆ = ∫  (∆∈ . ∆µ . )

∫  (∈ | | µ | | )
                 (1) 

 
∆f  is the shift in the resonant frequencyf , ∆∈ and ∆µ 
are the change in the permittivity and permeability 
respectively, and v is the perturbed volume.  E  and 
H  are the field distributions without the 
perturbations and E  and H  are the field distributions 
with the perturbation. If the perturbation is small and 
the field distribution is supposedunchanged then 
E1and H1are neglected in equation (1).The 
conventionalmicrowave resonators are not electrically 
small and resonance condition is achieved by 
arranging phase propagation to obtain 
realisticinterference of bouncing waves within the 
resonator. But the quasi-static resonator resonates due 
to the inductance and capacitance of the path.  

The split ring resonators(SRR) often consist of two 
metallic rings, either circular or square, carved or 
etched on dielectric substrates and they always have 
gaps on opposite sides. They have been employed for 
making left handed media with negative refractive 
index.The splits in the rings make them support 
resonant wavelengths a lot larger than the diameters 
of the rings which  is not obtainable in closed rings. 
Large values of capacitance are produced in 
theresonators due to the small gaps between the rings. 
The capacitance is inversely proportional to the 
resonant frequency of the ring. The resonant 
wavelength far outweighs the dimensions of the 
structure and this brings about high quality factor and 
low radiation losses. 
The geometric parameters of the ring resonator and 
the resonant frequency are dependent on each other 
and the structure has the capability of exhibiting 
resonance at frequencies much larger than its 
size.Figure 1 shows the proposed structure of a 
square split ring resonator. The geometries are 
designed to generate an inductance due to the 
circulating current and a capacitance in the gap. 
Therefore structure resonates due to the inductance 
and the capacitance of the path. The first band gap is 
due to magnetic resonance, whereas the second band 
gap is the result of electric resonance. SRRs, in 
addition to their resonant magnetic response at wm, 
exhibit a second resonant response at the higher 
frequency wo which has an electrical character. This 
electric resonance can be changed by changing the 
effective dielectric constant of the SRR medium. 
 
IV. SENSOR CONFIGURATION 
 
In order to have the sensor operating around 1 GHz 
and to reduce the electrical size of the sensor, the 
dimensions are selected as w= 0.3 mm, g = 0.3 mm, 
d= 0.3 mm, and a= 38 mm. The resonator is printed 
on a FR4 substrate with a thickness of 1mm , a 
permittivity of 4.4 and a loss tangent of 0.025 with 
50Ω microstrip feed.  
 
In the case of an SRR, the electric field is confined 
between the traces. Therefore, for characterization 
purposes, it is harder for a sample material to interact 
with the electric field. On the other hand, the 
magnetic field is spread and can be easily affected by 
the sample material. In order to investigate this idea, 
the effect of the permittivity of the surrounding 
medium is numerically analyzed. The sensor in 
Figure 1 is modeled using ADS simulation tool.  
 
The sensor is properly designed considering the 
design parameters. Because by varying any one of the 
parameters such as the width of the resonator, spacing 
between the loops and the resonator gap, the resonant 
frequency will be altered. Hence the resonator should 
resonate only at its fundamental frequency of 1 GHz 
which is required for permittivity measurement. 
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Fig.1. Square SRR 

 
V. RESULTS AND DISCUSSION 
 
The relationship between the permittivity and the 
relative shift-in frequency for various modes given in 
Table.1 is the result of simulation of the designed 
sensor. For the fundamental mode the frequency for 
air as dielectric is 1.008 GHz which is near 
approximation to the designed resonant frequency of 
1 GHz. When the sample is placed over the resonator 
the frequency is shifted from the resonant frequency 
shown by dotted line in figure 2 . 
 

 
Fig.2. Simulated Output 

 
For different values of permittivity the simulated 
result shows dielectric constant is inversely 
proportional to the change in resonant frequency 
according to equation(2) 
 
    f =

 
                       (2) 

 
 

    Table.1 Dielectric constant Vs Frequency for SRR 
Dielectric 
Constant 

Mode1 
(GHz) 

Mode2 
(GHz) 

Mode3 
(GHz) 

1    1.008 1.979 2.973 
2 .952 1.835 2.758 
3 .905 1.75 2.616 
4 .865 1.669 2.514 
5 .830 1.606 2.406 
6 .801 1.548 2.329 
7 .775 1.496 2.251 
8 .751 1.448 2.178 
9 .729 1.404 2.117 

10 .708 1.364 2.044 

A graph is drawn for the mode 1 simulated values as 
shown in fig.3. It is very well known that the 
permittivity increases with the decrease in the shift in 
the frequency. 
 

 
Fig.3 Dielectric Constant vs. Relative shift in frequency 

 
From the shift in resonant frequency, dielectric 
constant of a test material is calculated using the 
following polynomial equation generated by curve 
fitting method. 
 

f = 1072.94− 69.8135ε  +  5.2083ε
− 0.1873 ε  (3) 

 

f = 2.1456− 0.1761 ε  +  0.0168 ε
− 0.0007 ε    (4) 

 

f = 3.2114− 0.2627 ε  +  0.0256 ε
− 0.0011 ε    (5) 

 
CONCLUSION 
 
For determining dielectric constant of a low loss 
dielectric material, a compact microstrip square split 
ring resonator sensor structure has been designed, 
analyzed and its performance in terms of shift in 
resonant frequency has been studied. The proposed 
sensor has been simulated in ADS simulation 
tool.The sensor has high performances with low cost, 
compact size and more accuracy, hence can be used 
for dielectric constant measurement of liquid and 
solid material. 
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