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ABSTRACT 
This paper introduces hexagonal shape sensors that is a 

meander and mesh type. Modelling, simulation and 

development of Hexagonal Sensor and the results are 

discussed in this paper. The characteristics of hexagonal spiral 

inductor and interdigital capacitor are determined. The 

hexagonal spiral inductor is a new electronic sensor that can 

be used for various measurements that produces magnetic 

field. The interdigital capacitor has been designed with two 

different widths of electrode results in electric field 

generation. This hexagonal spiral inductor and interdigital 

sensor are combined to form one single hexagonal 

electromagnetic sensor, interdigital sensor at the centre of the 

spiral. The developed structure is double sided with hexagonal 

spiral inductor and interdigital sensor on top and ground on 

the other side. The sensor is designed using COMSOL 

Multiphysics software to calculate sensors’ characteristics and 

it has been fabricated on FR4 substrate of thickness 0.8mm. 
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1. INTRODUCTION 
Electromagnetic sensors are novel yet rapidly developing 

technology. The sensors have been designed, fabricated and 

employment successfully. These are successfully used in 

applications such as the printed circuit boards assessment 

[1,2,3], near surface material properties estimation [4,5], 

electroplated materials [6,7], saxophone reed examination[8], 

dairy products inspection[7]. The planar interdigital sensors 

have been used for the non-invasive monitoring of fat content 

and bodily fluids [9]. 

The sensor either may be of a meander or of a mesh type or 

combination of both, the sensors selection depends on the 

applications. The use of Meander type sensing coils for testing 

the integrity of materials has been reported in [10]. If the 

meander type sensor is used to detect cracks in a metal, the 

disadvantage is that the performance of the sensor is 

dependent of the alignment of the cracks or non-homogeneity 

of the material structure (in the progression of evaluating 

integrity of material), in accordance to the sensor 

configuration. 

2. ELECTROMAGNETIC SENSOR 

2.1 Configuration and Operating Principle 

of Electronic Sensors 
The planar types of sensors, meander, mesh and interdigital, 

have been designed and fabricated Interdigital sensor the 
operating principle behind the interdigital sensor is very 

analogous to the one experiential in a parallel plate capacitor 
[11] exhibits the relationship between a parallel plate 

capacitor and an interdigital sensor, and how the evolution 
from the capacitor to a sensor is accomplished[12]. There is 

an electric field between the positive and negative electrodes 

as shown in figure 1. These fields pass through the material 
under test (MUT). Therefore the material dielectric properties 

along with the electrode and material geometry affect the 
conductance and capacitance among the two electrodes. 

 

 
Fig.1. Transition  from the capacitor to a sensor[11] 

2.2 Modelling and simulation of Interdigital 

Capacitor 
Seven electrodes are given the excitation as port 1. The other 

six electrodes are connected to ground as port 2. The electric 

field lines from the excitation electrodes originate and then 

terminate on the sensing electrodes. The electric field lines are 

affected by the distance of separation between the electrodes 

of same type that is termed to as wavelength. It is to be 

observed that the electric field lines vary for different 

wavelengths. Table 1 shows the dimensions of interdigital 

capacitor for two different wavelength. The change in 

frequency results in exponential decrease Impedance changes 

can be used to estimate and characterize the material 

properties as shown in figure 2 and 3. These designs of 

interdigital capacitor show the capacitive characteristics that 

may be applied for measurement of dielectric properties of 

materials. 

Table 1. Interdigital Capacitor specifications 

 

Interdigital 

Sensor 

Wavelength,  

λ(mm) 

Length 

(mm) 

 1 2 20 

 2 3 40 
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Fig 2.(a) Schematic of interdigital capacitor 

 

 

Fig 2.(b) Schematic of interdigital capacitor 

 

 

2.3 Modelling and simulation of hexagonal 

spiral inductor parameters 
Hexagonal spiral coil is patterned on FR4 with six, eight and 

ten turns. It is seen that the impedance of hexagonal spiral 
inductor increases with frequency, as shown in figure4 and 5. 

Also, as the number of turns increases inductances increases 
yields in increase in the magnetic field. The variation in turns 

affects the impedance and inductance is as in table 2. The 
electroplated copper traces are 1mm thick. That is , the 

number of turns of the inductor is varied and the change in 

impedance with respect to frequency is observed. This results 
in generation of magnetic field because of the inductor will 

respond well to various materials. Since the thickness of the 
traces is much less than the skin depth, assumption that the 

current and voltage distribution is uniform through the 
thickness of the traces material. 

 

 

Fig.3. (a) Impedance variation with frequency 

 

 

Fig.3. (b) Impedance variation with frequency 

Table 2. Hexagonal spiral inductor specifications 

Hexagonal 

Sensor 

No to turns Inductance(μH) 

1 6 1.30 

2 8 2.16 

3 10 3.21 
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Fig.4. (a) Schematic of hexagonal spiral inductor with six 

turns 

 

Fig 4 (b)Schematic of hexagonal spiral inductor with eight 

turns 

 

Fig.5. (a)Schematic of hexagonal spiral inductor with ten 

turns. 

 

(b)Impedance variation with frequency 

 

3. CONCLUSION 
The observations show that the interdigital capacitor is able to 

generate electric field where as hexagonal spiral inductor 
produces a magnetic field this two may be used separately to 

determine various parameters. The variation in impedance 
will be sensed by the hexagonal spiral sensor due to variation 

in magnetic field. The magnetic field increases with increase 

in the number of turns for the inductor. Similarly the 
capacitive sensor produces electric field with variation of 

frequency effect will be utilized for parameter measurement. 
This paper introduces a novel hexagonal sensor that may be 

used for various parameter measurements. 
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