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Abstract:  In recent years, the growing necessities for the improvement of excessive pace and high frequency circuits have made 

excellent information of the properties of substances at microwave frequencies an essential requirement. The review and analysis 

of the dielectric properties of materials used within the design of various devices at microwave frequencies is a very dynamic 

domain in materials science and technology, solid state physics as well as electronics engineering. The accurate knowledge of these 

properties is extraordinarily vital for two foremost motives: first, these properties allow identifying the main physical properties 

of the materials, and secondly, they enable tailoring and controlling in accordance with the variations needed for a particular 

application. The values of the dielectric characteristics of the materials rely upon the measurement frequency as well as the 

implemented temperature. Exclusive measurement techniques have been developed for characterization of dielectric sample at 

varying frequencies. An assessment and evaluation on a few broadly adopted measurement techniques of dielectric constant and 

dielectric loss at microwave frequencies have been undertaken in this paper. Furthermore, characteristics of diverse 

transmission/reflection image strategies and resonance strategies are compared with each other in which, for the dielectric low-

loss substances, the resonant measurement technique has been observed to yield better measurement properties with higher 

accuracy.  
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I. INTRODUCTION 

There has been an evolution in material characterization techniques, accurate measurement of which has gained 

significant importance over the last decade. The measurement of the real part of the complex permittivity involves a number 

of strategies. However, each of these strategies is useful for certain kinds of materials and for certain frequency range. The 

permittivity of materials impacts the response of a material to electric signals. Consequently, precise permittivity 

determination is a crucial aspect in microwave engineering. Furthermore, material characterization or detection of changes in 

the electrical properties of materials has applications in areas such as food industry, sub-surface detection, quality control or 

bio sensing (1). In subjects such as Materials Science, Solid States Physics, and Electronic Engineering, the study of the 

dielectric properties like permittivity and loss tangent of materials used in the design of devices at microwave frequencies has 

become a very active domain. In the frequency domain the complex permittivity of any linear material is generally defined as 

a tensor quantity describing the relationship between the electric displacement (D) and the electric field (E) .For passive 

reciprocal materials such as ionic dielectric single crystals, the permittivity tensor is symmetric and can be diagonalized. The 

dielectric loss tangent of any material describes the dissipation of the electric energy due to different physical processes such 

as electrical conduction, dielectric relaxation, dielectric resonance and loss from nonlinear processes such as hysteresis (2). 

Among the techniques for measuring material properties, the two most commonly used techniques include the cavity 

techniques and transmission line techniques. The cavity technique involves modeling a cavity in some geometry with 

boundaries of finite conductivity filled with the materials under test. This method is used to relate the measured transmission 

and reflected signals of the cavity to the characterized materials from which it was constructed. (1) On the other hand, the 

transmission line technique uses an assumed model of the response of the dielectric materials, which is filled in transmission 

line section. Then, either time or frequency domain measured techniques is used in order to match the response of the real 

transmission line to the model. These techniques falls generally under two methods- the resonant method and the non-

resonant method. This paper describes the different techniques under these methods and the preferences of microstrip line 

resonators over the non-resonant methods are discussed. 
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II. OVERVIEW OF DIFFERENT CHARACTERIZATION METHODS 

2.1 Non resonant methods: 

 
In non-resonant methods, the properties of the materials are basically inferred from their impedance and wave velocities. 

When an electromagnetic wave propagates from one material to another, both the characteristic wave impedance and the 

wave velocity changes resulting in a partial reflection of the wave from the interface between the two materials. 

Measurements of the reflections from such an interface, and the transmission through it can provide information for the 

deduction of permittivity and permeability relationships between the two materials. Non-resonant methods mainly include 

reflection and reflection/transmission methods. In reflection/transmission measurements the properties of the material are 

deduced from measuring the magnitude and phase of both reflected and transmitted signals. Non-resonant methods require a 

means of directing the electromagnetic energy towards a material, and then collecting what is reflected and transmitted 

through it. For this purpose, any type of transmission line could be used; for instance a coaxial line, a hollow metallic 

waveguide, a planar transmission line etc. (3) 

 

2.1.1 Waveguide and coaxial transmission line techniques: 

 

The use of waveguide and coaxial transmission line cells for complex permittivity measurements was first reported by 

Nicholson-Ross in 1970 and then Weir in 1974 who analyzed the structure in the time and frequency domains respectively. 

The analysis of Nicholson, Ross and Weir led to the development of explicit formulae for the calculation of permittivity and 

permeability which is commonly referred to as the NRW algorithm. The technique essentially involves filling a section of a 

transmission line of a certain length with the sample to be measured. The change in the propagation constant γ and the 

characteristic impedance 𝑍0 leads to partial reflections of the wave at the interfaces. The propagation constant is related to the 

attenuation coefficient α and propagation coefficient γ through the relation, 

𝛾 = 𝛼 + 𝑗𝛽            (1) 

 For a dielectric material the propagation coefficient of a wave within a transmission line is related to the complex permittivity 

of the filling material through the relation,  

𝛾 = 𝑗√
𝜔2𝜇𝑟𝜀𝑟

𝑐2 − (
2𝜋

𝜆𝑐
)          (2) 

Where 𝜔 is the angular frequency, 𝜇𝑟 is the permeability of the material, c is the speed of light, and 𝜆𝑐 is the cutoff 

wavelength of the transmission line (4). 

In the case of a coaxial transmission line, the dominant mode of propagation is TEM wave. Since TEM mode does not have a 

cut-off frequency, a coaxial line is a broadband device and the characteristic impedance 𝑍0 of the line is equal to the wave 

impedance (4). Owing to the simplicity of this technique, it has been widely adopted and many improvements have been 

made over the years which allow the permittivity of high and moderately lossy samples to be evaluated with a good degree of 

accuracy. These techniques are generally preferred at frequencies below 30GHz (5). 

     
                

 

Fig 1: (a) waveguide fixture  (b) coaxial fixture for transmission measurement. (3) 

 

2.1.2  Free space transmission techniques: 

 

Free space techniques are generally employed at higher frequencies i.e., above 10GHz. It is also grouped under non-

destructive and contactless measuring methods. They do not require any special sample preparation and are particularly 

suitable for measuring materials at high temperatures and for inhomogeneous dielectrics. Accurate measurement of the 

permittivity over a wide range of frequencies can be achieved by free-space techniques. The usual assumptions made with this 

technique are that a uniform plane wave is normally incident on the flat surface of a homogeneous material and that the planar 

sample extends to infinity laterally so that diffraction effects at the edges of the sample can be neglected. To enhance the 

measurement accuracy, special attenuation must be paid to the choice of the radiating elements, the design of the sample 

holder, and the sample geometry and location between the   radiating elements (6). 
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                            Fig 2: Free-space Dielectric Measurement. (3) 

 

2.1.3 Planar Transmission line techniques: 

 

Miniaturization of microwave circuits has taken place through the development of planar transmission lines which are flat, 

two or multi-conductor transmission lines having low profile and light weight. This geometry allows control of the 

characteristic impedance of the line by defining the line dimensions in a single plane and is therefore suitable for microwave 

integrated circuits. The complete transmission line circuit can be fabricated in one step by thin-film technology and 

photolithography techniques (7). Planar transmission lines such as microstrip and coplanar waveguides have long been used 

as microwave components. In planar transmission line methods, the material to be tested usually serves as a superstrate or a 

substrate, or as part of either. There have been many investigations into the use of planar circuits for complex permittivity 

measurements. 

 

 

 
Fig3: Planar Transmission Line Technique for Dielectric Measurement (3)
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There are certain disadvantages in these lines, one of which is the low power handling capability due to small size. There are 

also radiation losses from the open structures like microstrip and coplanar lines. The circuit design using these configurations 

should be very accurate since matching screws and short circuit plungers cannot be used in planar transmission line circuits. 

The design of some active devices is also limited because of low Q factor obtainable with ordinary microstrip configurations. 

However, the advantages of planar transmission lines are its small size and weight which can be flash mounted on a metallic 

body, its increased reliability, low cost and the fact that Z0 can be controlled by defining the dimensions in a single plane and 

that the passive circuit design is possible easily by changing the dimensions of the line in one plane only (5). Among the 

several configurations of planar transmission lines the most basic are the stripline and the mircostrip lines.  

 

2.1.4 Stripline 

 

The stripline structure is yielded by the modification of the coaxial lines and two wire lines. It consists of a central thin 

conducting string of width W which is greater than its thickness  t placed inside a low-loss dielectric substrate of thickness b 

between two wide ground plates.  

 
 

Fig4: Stripline Structure: (a) Geometry (b) TEM field (7) 

 

For the characterization of the material properties, in stripline structure the sample being tested can be placed below or above 

the center strip through the open sides. The stripline structure of a two-conductor line has no low frequency cut-off so it can 

be applied over a very broad frequency range. (8) 

The propagation characteristics in striplines is nearly TEM mode where most of the electric field lines are perpendicular to the 

center and its parallel ground conductors and are concentrated over the width of the center conductor.  These lines are used for 

the frequency range from 100 MHz to 30GHz (9). 

Most of the stripline circuits are small and they are pure TEM mode propagation. However the design is complicated because 

the conductor is placed at the middle between the ground plates so that the air gaps between the conductors may cause 

perturbation to the impedance. It is also not suitable to measure the dielectric loss of the higher permittivity low-loss materials 

and is more expensive to fabricate than the microstrip (10). 

 

2.1.5 Microstrip Line 

 

Microstrip line consists of a single ground plane and a thin conductor on a low-loss dielectric substrate above the ground 

plate. Due to the absence of a top ground plate and the dielectric substrate above the strip, the electric field lines remain 

partially in the air and partially in the lower dielectric substrate. This makes the mode of propagation not pure TEM but what 

is called quasi-TEM. The microstrip line radiates electromagnetic energy. The radiation loss is proportional to the square of 

the frequency. The use of thin and high dielectric materials reduces the radiation loss of the open structure where the fields are 

mostly confined inside the dielectric (11). 
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Fig 5: Microstrip Structure (a) Geometry (b) TEM Field 

 

Microstrip line, being an open structure, has an extensive fabrication advantage over the stripline. It also features ease of 

adjustments and enhancements. The design that uses a microstrip line is focused on the sensitivity to obtain high Q factor (12). 

 

2.2 Resonant methods: 

 

Resonant methods offer the potential of characterizing the properties of a material at a single frequency or a discrete set of 

frequencies with high accuracy in comparison to broadband methods (3). Resonant methods are those in which the material to be 

measured serves as a resonator and are only applicable to extremely low-loss samples.  

 

2.2.1 Cylindrical resonant cavity method: 

Unlike the transmission techniques, the resonance techniques do not have the swept frequency capability. The 

transmission/reflection signals are tested to calculate the dielectric properties of the sample. However, the dielectric properties 

measurements by the resonance techniques are more accurate than measurements by the transmission techniques especially for the 

dielectric loss. The complex permittivity of the sample can be calculated from the changes of resonant frequency and quality factor 

of the metal cavity. 

 

a. Reflection mode 

Cavity in reflection mode operates in resonant TM mode. The cavity is powered by an electrical probe connected to a network 

analyzer. The sample must be placed in the middle of the cavity. The temperature measurement by a cylindrical cavity without 

sample determines the variation of cavity radius through the variation of resonance frequency and with sample allows determining 

the complex permittivity of the material. (13) 

 
Fig 6: Reflection Cavity Method (13) 

 

The temperature measurement by the cylindrical resonant cavity technique in reflection mode is simple and repeatable but uncertain 

and very low. This technique is also time consuming. 

 

b. Transmission mode 

Unlike the reflection mode that needs only one coupling device, the transmission mode requires two coupling devices. These 

coupling devices can be formed by extending the feeding coaxial cable with a distance into the cavity resonator. The cavity 

operates in resonant TM mode. As with the reflection mode cavity, the temperature measurements with the transmission mode 

needs two thermal cycles and the extraction of the cavity radius and complex permittivity are achieved by a construction of 

database using HFSS software (14). 

 
Fig 7: Transmission Cavity Method (13) 
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2.2.2  Microstrip ring resonator: 

 

The ring resonator device is made of microstrip line printed on a rigid substrate. It is comprised of supply lines, a closed loop 

transmission line, and the coupling gap. Supply lines are microstrip lines having a selected width for obtaining a characteristic 

impedance of 50 Ohm. A capacitive coupling is used to couple the input and output lines to the resonator with the gaps. The 

coupling gaps have an impact on the resonance frequencies of the structure (15). 

 

 
 

Fig .8: Planar Resonator (16) 

 

The microstrip resonators such as the ring resonators form a integral part of many microwave circuits. The ring resonator is a basic 

resonance structure which offers high unloaded Q factors due to reduced radiative losses. For rings constructed on substrates which 

have a much higher thickness than that of the strip conductors we have, at resonance, 

                                             l= 
𝑛𝜆𝑔

2
  

Where n is an integer order of resonance and 𝜆𝑔 is the wavelength of the guided structure. 

The measurement of dielectric properties can be indirectly done by measuring the S parameters of the sample. Measuring dielectric 

properties of materials means measuring the complex relative permittivity, ℇ𝑟  and the complex relative permeability,µ𝑟. Both the 

real and imaginary parts are present in a complex dielectric permittivity; the real part of the complex dielectric permittivity is called 

the dielectric constant. When an external electric field is applied to a material, there is some energy loss; the measure of this energy 

loss from the material because of the applied external electric field is the dielectric constant. 

These Planar resonator techniques are easy to make, they are cost effective and requires neither calibration nor any specific type of 

sample holder.  

 

 

III. COMPARISON OF THE DIFFERENT TECHNIQUES AND THEIR STRENGTHS 

 

 

The choice and use of techniques normally depends upon factors such as frequency of interest, required measurement accuracy, the 

properties of materials under test i.e, whether it is homogeneous or isotropic, state and form of material under test i.e solid, powder, 

liquid, sheet, sample size restrictions, value of permittivity and more. (1). Table 1 below highlights the strengths of each technique 

that has been discussed. 

 

Table 1: Comparison between strengths of the different measurement techniques. (1) (17) 

 

Sl. no Measurement Technique Strength 

1. Coaxial Probe  Broadband 

Measures ℇ𝑟 
Best for liquids and semi-solids 

2. Planar Transmission Line  Broadband 

Measures ℇ𝑟 and ,µ
𝑟
 

Best for solids and powders 

3. Free Space Transmission Broadband, EHF 

Measures ℇ𝑟 and ,µ
𝑟
 

Non-contacting 
 

4. Resonant Cavity and Planar Resonant 

Methods 

Single Frequency 

Measures ℇ𝑟 
High accuracy 

Best for low loss or thin samples 
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Table 2: Comparison between the advantages and disadvantages of the different measurement techniques. (1) (17) (18) (19) (20) 

(21) (22) (23) 

Sl.no Measurement Techniques Advantages Disadvantages 

1. Coaxial Probe - Easy sample preparation  

- Measurement for the large number of 

samples in short time after the 

calibration 

 - Measurement can be performed in a 

temperature controlled environment 

- Support only reflection 

measurement 

 - Affected by air-gap for 

measurement in the specimen 

2. Planar Transmission Line - Used to measure samples with 

medium to high loss 

 - Used to determine both permittivity 

and permeability 

- Limitation of measurement 

accuracy of the airgap effects 

 - Low accuracy for sample whose 

length is multiple of one-half 

wavelength in the materials 

3. Free Space Transmission - Suitable for high frequency 

measurement 

 - Allows non-destructive measurement 

- Measure material under test in hostile 

condition 

 - Evaluate both permittivity and 

permeability properties 

- Need large and flat material 

under test 

 - Multiple reflection between the 

surface of the sample and antenna 

- Diffraction effects at the edge of 

the sample 

4. Resonant Cavity and Planar Resonant 

Methods 

- Suitable to measure small material 

under test 

 - Use approximate expressions for 

field in both sample and cavity 

- Required high frequency 

resolution Vector Network 

Analyzer (VNA). 

 - Limited to only narrow 

frequency bands 

 

 A graphical representation of the measurement techniques plotted in a graph of frequency against material loss is illustrated as 

under. This indicates the resonant method having higher accuracy and sensitivity over other methods and it is convenient for low 

loss materials at microwave frequency.  

 

 

 
 

 

Fig 9: Measurement techniques vs frequency and material loss  

 

IV. CRITICAL REVIEW ON  RESONANT MEASUREMENT TECHNIQUE  

 

Numerous theoretical and experimental researches were done over the years and several techniques for material characterization 

have been implemented. The planar resonant method finds application in determination of dielectric properties of materials that 

triumphed over the other non-resonant techniques. Factors such as compatibility of this design, higher sensitivity and ease of 

fabrication paved ways for scientists and researchers in the recent years. Special attention is devoted to resonant techniques that 

are more accurate and sensitive compared to the transmission-reflection methods. Material characterization using microwave 

resonant sensor is considered one of the most accurate way to obtain material properties. Resonant method usually has higher 

accuracy and sensitivity and it is convenient for low loss materials. Various resonators such as coaxial cavity, dielectric, and 

waveguide resonators have been used for material characterization. However, these types of resonators are often large in size, 

expensive to build, have low sensitivity with poor Q-factor. Thus, planar resonant techniques have gained considerable interests 
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over the past years due to its advantages. A review on some of the researches based on planar resonant techniques using 

Microstrip Ring Resonators and Split Ring Resonators are as follows: 

 

Thomas Chretiennot et.al. (24) presented the concept of microwave resonator that uses micro fabricated sensor in regard to liquid 

characterisation. The design showed compatibility with the facility of a laboratory-on-a-chip integration. Some solvent such as 

de-ionized water-ethanol mixtures were tested which consisted of ethanol ranging from 0% to 20%. The resonant frequency was 

operated at 20 GHz and standard match impedance at 50 Ohm. It was found that the associated transmission coefficient was less 

than 0.1% and the maximum relative error less than 6.5%. This result showed highly accurate permittivity characterisation. 

 

Ali. A. Abdul-Jabbar et.al. (25) designed a microwave microfluidic sensor using a microstrip split-ring resonator. The proposal of 

this new method exhibited wide range of applications. The operating frequency was at 3 GHz. The design used Rogers 

corporation RT/Duroid 5880 laminate substrate for fabrication process which had the permittivity at 2.2 and loss tangent at 

0.00009. They made use of COSMOL multi physics software to perform the simulation of electromagnetic properties of the 

structure. Some common solvents were chosen for this purpose such as hexane, chloroform, ethanol, methanol and water. The 

resonator was compact and planar which made it suitable for evaluation of material properties. 

 

G. Biffi Gentili, et.al. (26) designed a cross-shaped microstrip ring sensor with full planar microstrip technology. The resonant 

frequency and the matching amplitude of the transmission parameter were computed using a scalar network analyser. Using an 

algorithm based on Artificial Neural Network (ANN), the complex permittivity was estimated by inverting the measured 

parameters. The design structure consisted of three layers of substrate with different dimension specifications. The upper and 

second layers made use of RO4003 substrate and the bottom layer used FR4 materials each of which had its own functions. The 

multilayer structure makes the sensor very tough which can also be easily produced on a printed circuit technology. The relative 

error of the system was also found to be very small which is less than 3%. 

 

Kashif Saeed et.al. (27) presented the integration of waveguide cavity resonator which finds application in pharmaceutical 

industry. They made use of Full-wave finate-element method (FEM) based High Frequency Structure Simulation (HFSS) 

commercial software package to obtain the simulation results. The resonant frequency of the sensor was operated at 8GHz and 

RT/Duroid with dielectric constant 2.2 and loss tangent 0.00009 was used as substrate material in fabrication process. This sensor 

exhibited low cost that can easily be integrated with many other components. The measured results showed an error in the range 

of plus minus 0.5% which proved that the resonant sensor showed better sensitivity and accuracy. 

 

U. Schwerthoeffer et.al. (28) introduced a new idea for designing microwave sensor which characterises precise permittivity of 

liquids used for aqueous glucose detection in medical applications. This idea was based on the planar half-wavelength microstrip 

line (MSL) resonator. The resonant frequency was at 2GHz using near-field sensor. A sensitive concentration less than 0.01% was 

detected. They presented a simple and highly sensitive microstrip sensor structure. 

 

Nora Haase et.al. (29) introduced a low fabrication cost technique which is a compact resonant which is a compact resonant near-

field sensor for liquid characterisation. It was based on a folded-substrate integrated half-mode resonator with a planar sensing tip. 

The samples under test showed concentration change less than 1%. The resonant frequency was at 5GHz and the simulation 

results were obtained using HFSS software. 

 

Diminic E. Schaub et.al. (30) designed a circular patch resonator for the measurement of microwave permittivity of nematic liquid 

crystal. The resonator sensor was operated at the frequency range from 4.5-8.7 GHz. Nematic liquid crystal which is a mixture 

sample was used as the material under test. The design is a simple resonator but consisted of very expensive materials in the 

fabrication process. 

 

S. Kulkarni et.al. (31) introduced a design of a shielded vertically stacked ring resonator (VSRR). The shielded VSRR is used to 

fill the space. The microstrip ring resonator (MRR) uses the Vector Network Analyser which measures the blood glucose 

concentration in human beings. The analysed MRR showed insertion loss that occurred in -8.26dB on the frequency of 1GHz. 

The sample of aqueous glucose solution is placed above the microstrip ring resonator.  

 

YL Then et.al. (32) proposed a new microwave microstrip sensor which depends on a modified microstrip ring resonator sensor 

with a lumped element model. The microstrip ring resonator sensor operated between 0.5 GHz to 4.5 GHz with the resonance at 

3.2GHz. The dielectric prediction was based on different moisture contents of peat and sand soil samples. They made use of 

RT/Duroid 5880 and placed a sensor with an acrylic holder for the sample loading. 

 

G Galindo- Romera et.al. (33) introduced a technique that uses split ring resonator (SRR) to determine the relative permittivity 

characterisation of liquid and solid and also to determine the solid thickness of material below 2GHz. It consisted of two SRRs 

hosted on a microstrip transmission line. The design is based on the sensing principle introduced by the resonators in the 

transmission coefficient which is suitable for the determination of the thickness of thin films between 100µm to 1mm. for the 

solid sample; the sample was placed on the sensor whereas, in liquid samples, another measurement sensor was immersed in the 

liquid sample. This technique has the advantages of low cost fabrication, low-complexity and it is fully submersible and reusable.  

 

M.J.Jilani et.al. (34) designed a microstrip ring resonator based sensing technique for meat quality determination at 1GHz 

frequency. The microstrip ring resonator was designed on HFSS simulation software. The measured the permittivity by placing a 

sample of meat over the ring resonator. From HFSS simulation, they have studied S-parameters for MRR with overlay meat 

sample with various thickness range. From this result, it can be observed that as the thickness of the overlay layer increases, the 

effective permittivity also increases. The simulation result of S12 at 1.02GHz, 2.05GHz and 3.06GHz showed more loss. 
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Development through the years have proven that for low loss dielectric materials, the resonant method of incorporating microstrip 

transmission line gives the highest accuracy in terms of sensitivity and permittivity measurement. A run of critical literature 

review over the recent decades have seen numerous approaches and designs been implemented for the characterization of 

dielectric materials at microwave frequency.  Table 3 below  represents a compilation of latest important review in the 

development of microwave planar resonant sensor technology used in varieties of applications. 

 

Table 3: Recent development in Microstrip Resonator Measurement Technique 

 

Sl.no Reference Year Sensing Element Application 

1. (35) 2018 Split Ring Resonator To monitor variations of total 

electrolyte concentration in urine 

samples. 

2. (36) 2019 Microstrip Transmission Line 

 

Dielectric characterization 

3. (37) 2019 Microstrip 

Complementary Split 

Ring Resonator 

(MCSRR) 

For supressing unwanted 

environmental influences 

4. (38) 2019 Transmitted Cross-

Shaped Resonator 

Permittivity measurement of a 

small dielectric material. 

5. (39) 2019 Complementary 

Circular Spiral 

Resonator (CCSR) 

Identify different liquids commonly 

used in daily life and determine the 

concentrations of various ethanol-

water mixtures. 

6. (40) 2020 Complementary 

Multiple Split Ring 

Resonators (CMSRR) 

To determine various edible oils 

commonly used in daily life. 

7. (41) 2020 Split Ring Resonator Simultaneous dielectric detection 

(multi-sensing) 

8. (42) 2020 Omega-Shaped 

Resonator with 

Microstrip 

Transmission Line 

 

-Detection of fluids  

-Application in the field of 

medicine and Chemistry. 

9. (43) 2021 Split Ring Resonator To measure dielectric constant of 

liquid or solid materials. 

10. (44) 2021 Half-wave Microstrip 

Resonators with 

Common Junction 

 

Dielectric Liquid Characterization 

11. (45) 2021 Six Band Microstrip 

Sensor based on 

Electrically Coupled 

Resonators (ECRs) 

 

Multifrequency dielectric 

characterization of liquid samples. 

 

 

V. CONCLUSION 

 

The industrial aspect has seen the significance of dielectric properties of materials over the recent years. These properties are of 

key importance in providing useful information to improve the design, processing, quality and control of products. While 

selecting an appropriate measuring technique it is required to consider various factors like; measuring frequency, testing 

material & its nature, required accuracy, measurement temperature and losses associated with the materials. In this regard, non-

resonant techniques such as coaxial probe and free space transmission method have shown better results for high-loss 

materials. However, the bulk as well as nano dielectric materials with low-loss properties are best characterized using the 

resonant measurement technique. The design and manipulation of this measurement technique results in high Q-factor, high 

accuracy, high performance, good measurement results and compact size. Its low cost and  ease of fabrication has also 

found considerable significance in food and bio-sensing industry applications in addition to medicine and pharmaceuticals 

industry. The resonant measurement technique is a high accuracy technique which, with improved and modified designs to the 

existing ones will provide quality reference to researchers working on microwave method for materials characterization.  
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