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Abstract: Inter-digital capacitive sensors with planar geometry are under development for a variety of 
applications. Variations in the geometry of such planar inter-digital capacitive transducer structures exhibit 
changes in their response in terms of the corresponding capacitance variations. In this work we present a 
performance evaluation of the response of inter-digital capacitive structures based on the differences in the 
geometry of their inter-penetrating comb patterns. All the geometries under consideration are fabricated following 
the same procedure on printed circuit boards made of FR4. The capacitance values for each configuration have 
been measured directly. The capacitance values for the same configurations have been evaluated by simulation 
using the Finite element analysis tool, ANSYS. Parameters like finger spacing, relative permittivity and medium 
thickness have been varied in simulation and system performance analyzed. A comparison between measured and 
simulated values have been carried out and the results are presented. The results enable one to predict the 
capacitance values and sensor performance of IDC structures of this type. The procedure can be adapted to other 
types of structures as well. 
 
Keywords: Inter-digital capacitive structures, Inter-digital transducers, Inter-penetrating comb patterns, Finite 
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1. Introduction 
 
Co-planar periodic finger-like patterns of parallel 

inter-penetrating electrodes form inter-digital 
capacitive (IDC) structures, and their effective 
capacitances increase as the effective area increases. 
The fringing electric field lines generated between the 
electrodes make it a versatile device in applications 
like nondestructive testing, MEMS, microwave filters, 
and as sensors to measure parameters such as acoustic 
wave intensity, pressure, humidity, proximity, level 
[1-8] etc. They also find applications such as 

biosensors and in food testing [9-11]. A review article 
discussing the various aspects of inter-digital sensors 
and transducers can be found in literature [12]. The 
design and use of inter-digital electrodes began as 
early as in 1891, found in the patent of Tesla [13]. The 
very common features that attract device designers to 
inter-digital structures are the one sided access control 
of the signal strength, imaging capability, simplified 
modeling and wide frequency spectrum [12]. 

Typical co-planar inter-digital structures formed 
from parallel plate capacitors, along with the 
corresponding fringing field directions, are depicted  
in Fig. 1. 

http://www.sensorsportal.com/HTML/DIGEST/P_3047.htm
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Fig. 1. Typical co-planar structures formed from Parallel 
plate capacitors [12]. 

 
 

The capacitance between the positive and negative 
electrode terminals of a capacitor is  

ܥ  ൌ 	 ௥ߝ	଴ߝ ݀ܣ , (1) 

 

where ܥ is the capacitance, ߝ଴ is the permittivity of 
free space, ߝ௥	is the relative permittivity of the 
medium, A is the area of cross-section and d is the 
separation between the electrodes. Inter-digital 
capacitor has the advantage of providing more 
capacitance per unit chip area than a two-plate parallel 
configuration [14]. The most important parameters for 
any sensor, the sensitivity and selectivity, have a 
strong link with sensor geometry. The effect of 
electrode geometry on the performance of such Inter-
digital transducers (IDTs) has appeared in literature. 
The capacitance varies depending on the material 
dielectric constant as well as the electrode geometry 
[15-18]. The dependence of the electrode thickness, 
length and the number of electrode fingers on the 
change of capacitance is investigated in this work. A 
modified sensor design used for food inspection can 
be found in literature [19]. A model configuration of 
an inter-digital capacitive structure is illustrated  
in Fig. 2 [20]. 

 
 

 
 

Fig. 2. Inter-digital capacitive structure under 
investigation [20]. 

 
 

In Fig. 2 each finger is of width W and G is the gap 
between the fingers. λ =2(W+G) is the spatial 
wavelength and L is the length of the fingers. Each 
comb group is connected either to the positive or 
negative terminal of the potential source. 

One of the key features of an inter-digital 
capacitive structure is the simplicity of modeling with 
numerical tools [21]. Network model approach as well 
as CAD based modeling have been carried out and 
reported on them [22-24]. The Finite element analysis 

helps to handle complex geometries and is used 
extensively for sensor modeling, optimization, and 
performance evaluation, especially for structures that 
are difficult to model analytically or otherwise. All the 
modeling work reported for inter-digital structures so 
far considered only a particular geometry for a specific 
application. A comparative study of the performance 
of inter-digital structures according to the number of 
fingers, finger widths and gaps between fingers has 
been carried out and illustrated in this work. We 
present results of the analysis of various inter-digital 
capacitive structures by simulation using the Finite 
element analysis tool ANSYS and compare the 
computed capacitance values obtained with those from 
direct measurements. 

 
 

2. Configuration of IDC Structures 
and Measurements 
 
The basic comb structure considered in this work 

is with W=381µm, G=889µm and L=8890µm (see 
Fig. 2). Geometrical difference between structures is 
introduced by changing the values of W and L. 
Changes introduced in to periodic pattern 
correspondingly changes the capacitance values. The 
number of finger pairs is varied from four to six, which 
enhances the total number of fingers from eight to 
twelve with equal number of positive and negative 
terminals, as shown in Fig. 3. 

 
 

 
 

Fig. 3. Configurations of IDC structures with finger pairs 
of four to six. 

 
 

Then the structural variations are introduced by 
fixing the total number of fingers and then making a 
distinction in the number of positive and negative 
electrodes. Accordingly, we present inter-digital 
capacitors with total number of fingers at 13 [1_2_1, 
1_3_1, 1_5_1 and 1_11_1], 15 [1_6_1 and 1_13_1], 
16 [1_2_1, 1_4_1 and 1_14_1] and 17 [1_3_1, 1_7_1 
and 1_15_1], as demonstrated in Figs. 4, 5, 6 and 7. 
Table 1 provides the terminal distribution for different 
configurations shown in the Figs. 4, 5, 6 and 7. 

 
 

 
 

Fig. 4. Configurations of IDC structures with 13 fingers 
[1_2_1, 1_3_1, 1_5_1 & 1_11_1]. 
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Fig. 5. Configurations of IDC structures with 15 fingers 
[1_6_1 & 1_13_1]. 

 
 

 
 

Fig. 6. Configurations of IDC structures with 16 fingers 
[1_2_1, 1_4_1 & 1_14_1]. 

 
 

 
 

Fig. 7. Configurations of IDC structures with 17 fingers 
[1_3_1, 1_7_1 & 1_15_1]. 

 
 

Table 1. Terminal distributions for different IDC 
configurations, shown in Figs. 4 to 7. 

 

No. of 
fingers 

Configuration 

No. of 
positive 

terminals 

No. of 
negative 
terminals 

13 

1_2_1 5 8 
1_3_1 4 9 
1_5_1 3 10 

1_11_1 2 11 

15 
1_6_1 3 12 

1_13_1 2 13 

16 
1_2_1 6 10 
1_4_1 4 12 

1_14_1 2 14 

17 
1_3_1 5 12 
1_7_1 3 14 

1_15_1 2 15 

 
 

In each case the width of the fingers (W) and their 
length (L) are altered to evaluate the dependence of 
each on the resultant capacitance. The finger width is 
altered with values as 381 µm, 508 µm, 635 µm and 
762 µm. The lengths of the fingers are changed to 
values of 8890 µm, 7620 µm and 6350 µm. This 
structural variation is executed in all the geometries. 
Fabrication was carried out for all the variations. 

 
 

Fig. 8. Finger width (W), variation of 381 µm, 508µm,  
635 µm and 762 µm in the case of six pair IDC. 

 
 

 
 

Fig. 9. Length of the finger (L), variation of m 
in the case of 6 pair IDC. 

 
 

All the inter-digital capacitors are planar in their 
geometrical structure and are comparatively simple to 
fabricate using the usual PCB fabrication techniques. 
The comb structure is designed using Proteus and is 
printed onto a tracing sheet. Screen printing method 
has been used for the fabrication of the structures. The 
design on the tracing sheet is transferred to five-star 
film by UV exposure and then on to FR4 board. The 
unwanted portions in the board are removed by 
etching and traces of the inter-digital structures remain 
affixed on to the board. Inter-digital structures with 
varying finger widths (W) and finger lengths (L), as 
depicted in Figs. 3 to 7, have been fabricated.  

Direct measurement of the effective capacitance of 
each of the structures has been carried out using the 
LCR measurement feature of an Impedance Analyzer 
(Make: Hioki, Model: IM 3570). The instrument 
allows test signal of DC or a band of frequency in the 
range 4 Hz to 5 MHz with output levels varying from 
5 mV to 5 V. The four-terminal probe used during 
measurements provides improved accuracy.  

 
 

3. Simulation of IDC Structures 
 
Finite Element Analysis (FEA) is a tool of 

numerical method for solving engineering problems 
and commercial packages are available for the same. 
In this work we have made use of the FEA tool 
ANSYS 15.0, because it enables to perform the 
desired electrostatic field analysis effectively. With 
electrostatic field analysis using FEA, electric field 
distribution and electric scalar potential due to charge 
distribution or applied potential can be determined. 
The load we apply as input in this analysis is the 
voltage. The elements that are used in the charge based 
electrostatic analysis are PLANE 121, SOLID 122 and 
SOLID 123. In the present analysis we consider 
PLANE 121 which is a 2D element of 8 nodes with the 
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degree of freedom for voltage at each node. For 3D 
analysis SOLID 122, a charge based 20 node element 
with degree of freedom for voltage, is used. 

The electrostatic analysis begins with building the 
model by selecting the appropriate element which is 
made available with setting the preference to electric 
field. The element type and the material property 
(permittivity) are to be defined before the required 
geometry is generated. The bottom up approach is 
taken to build the model where it starts with creating 
key points and then lines, areas and volumes are 
defined as the case may be. By meshing the model 
nodes and elements are created. Meshing controls 
enables to establish the desired mesh density. The 
features like coupled degrees of freedom and 
constraint equation can be added to the nodes and 
elements as required. The loads for electrostatic 
analysis can be applied on the solid model or on the 
finite element model. The solution is obtained through 
the SOLVE command and the general post processor 
menu provides a review of the results of the analysis. 
The model built in ANSYS and the meshed structure 
is given in Fig. 10 and Fig. 11 for six pair IDC.  
The same procedure is followed for all the  
geometric structure. 

 
 

 
 

Fig. 10. IDC modeling in ANSYS for six pair structure. 
 
 

 
 

Fig. 11. Meshed IDC structure (six pair). 
 
 

The capacitance calculation for an electrostatic 
system is based on the energy principle and is 
computed using the CMATRIX Macro [25]. 
Knowledge of the capacitance is essential for the 
design of electrostatic devices, MEMS etc. One has to 
define the electrodes in the geometry appropriately 

and CMATRIX calculates the capacitance from the 
stored energy across the electrodes. 

 
 

4. Results and Discussion 
 
Measurement values of effective capacitance have 

been obtained directly from the LCR meter, and the 
corresponding simulation values using FEA tool 
ANSYS as outlined above. Measurement and 
simulation are done on all the fabricated inter-digital 
structures. Variations in capacitance values with 
variations in different structural parameters are 
outlined below. For the graphical representation the 
notation “meas” denotes the measured value and “sim” 
denotes the simulated value. In all figures results from 
simulation and measurement are shown separately for 
each configuration. 

 
 

4.1. Change in Finger Width (W) 
 
First, variations in the structure have been 

incorporated by changing the width (W) of the 
fingures. Finger widths chosen for experimentation 
are 381 µm, 508 µm, 635 µm and 762 µm, keeping the 
finger length costant. As the finger width increases the 
effective area increases and the capacitance increases. 
The results are shown in Figs. 12 to 16. 

 
 

 
 

Fig. 12. Capacitance values obtained from measurement 
and simulation for four to six pairs. 

 
 

 
 

Fig. 13. Capacitance values obtained from measurement 
and simulation for 13 fingers. 
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Fig. 14. Capacitance values obtained 
from measurement and simulation for 15 fingers. 

 
 

 
 

Fig. 15. Capacitance values obtained 
from measurement and simulation for 16 fingers. 

 
 

 
 

Fig. 16. Capacitance values obtained from measurement 
and simulation for 17 fingers. 

 
 

4.2. Change in Length of the Fingers (L) 
 

We have fabricated inter-digital capacitive 
structures with length of fingers at 6350 µm, 7620 µm 
and 8890 µm, with width of the finger and the gap 
between them kept constant. As the length of the 
finger is increased the distance between the electrodes 
decreases and correspondingly the capacitance value 
increases. The results of measurement and simulation 
are shown in Figs. 17 to 21. It can be noted that, in 
general, the capacitance value increases with length of 
the fingers for an IDC comb structure. 

 
 

Fig. 17. Capacitance variation with the change 
in length (L) of the fingers for four to six pairs. 

 
 

 
 

Fig. 18. Capacitance variation with the change 
in length (L) of the fingers for 13 fingers. 

 
 

 
 

Fig. 19. Capacitance variation with the change 
in length (L) of the fingers for 15 fingers. 

 
 

 
 

Fig. 20. Capacitance variation with the change 
in length (L) of the fingers for 16 fingers. 
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Fig. 21. Capacitance variation with the change 
in length (L) of the fingers for 17 fingers. 

 
 

In order to carry out further analysis of inter-digital 
structures with change in gap between fingers, 
substrate thickness and dielectric medium, we have 
selected the configuration having close agreement 
between the measured and simulated values. 
Accordingly, the structures designated as 1_5_1 (13), 
1_6_1 (15), 1_4_1 (16) and 1_7_1 (17) have been 
selected for further analysis. It can be noted from 
Figs. 12 to 21 that the agreement between measured 
and simulated capacitance values are the best for these 
selected structures. For equal number of positive and 
negative terminals capacitance value increases as the 
number of fingers increases. It is comparable to the 
case of parallel plate capacitor where the area is 
directly proportional to the capacitance.  

Though the numerical values of the measured 
capacitance and the corresponding values obtained 
from simulation are not is very good agreement 
always, it can be noted that their variations due to 
changes in geometrical parameters, in general, are in 
agreement. The differences in numerical values in 
many cases may be due to uncertainties in the 
measurement of capacitance and limitations of the 
finite element analysis adopted in the work. For the 
changes in gap between fingers, dielectric medium 
changes and medium thickness the result obtained are 
through simulation only.  

 
 

4.3. Change in Gap Between Fingers (G) 
 
The gap between the fingers has been varied 

keeping the width of the finger and its length constant. 
The results are shown in Fig. 22. It can be noted that 
the capacitance values, in general, decreases 
exponentially with increase in gap between fingers for 
comb type IDC structures. 

 
 

4.4. Change of Top Layer Material  
 
Material identification is one of the prime 

applications of sensors. IDC structures have a major 
role as they have the ability to vary the capacitance 

depending on the dielectric constant of the material 
located on top of the plates. The capacitance change is 
given by C = εrC0, where εr is the relative permittivity 
of the material under consideration and C0 is the 
capacitance without the dielectric.  

 
 

 
 

Fig. 22. Variation in capacitance with change in gap 
between the fingers. 

 
 

For the simulation IDC structure with the basic 
physical dimension is considered and the top layer is 
formed using SOLID element for which the dielectric 
constant can be varied. It can be observed that the 
capacitance increases with the increase in the 
dielectric constant of the top layer material. The result 
is as shown in Fig. 23.  

 
 

 
 

Fig. 23. Capacitance variation with respect to change in top 
layer material. 

 
 

4.5. Change in Top Layer Thickness 
 
Keeping the parameters G, W and L constant the 

dielectric medium thickness is varied. Capacitance 
change is prominent as the thickness variation is 
initiated and the percentage variation decreases as 
thickness increases. The result is as shown in Fig. 24. 

 
 

5. Conclusions 
 
The results presented in this paper show that for 

planar IDC structures one can arrive at capacitance 



Sensors & Transducers, Vol. 228, Issue 12, December 2018, pp. 71-78 

 77

values and their variations with geometry of the 
structures by carrying out modeling and finite element 
analysis of the structures. There is good agreement 
between results from analysis and physical 
measurements. The results show that it is possible to 
predict sensor parameters and performance for any 
comb-type structure with variations in geometry. 
Moreover, without any loss of generality, the 
procedure followed in this work can be adapted to IDC 
structure configurations of any kind to predict their 
performance for any application. 

 
 

 
 

Fig. 24. Capacitance variation with respect to change 
in top layer thickness. 
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