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Abstract—In polymer coated planar Inter Digitated Electrodes 

(IDEs), the gas sensing sensitivity is much lower than the 

sensitivity of parallel plate capacitors. Here, we introduce a simple 

patterning step for the modification of the geometry of the 

dielectric substrate of the planar IDEs, and increase of the 

contribution of the sensitive layer to the output signal. The 

proposed methodology is investigated through simulation and 

verified by experimental data. Polymer coated IDEs with different 

dimensions of spatial wavelength were studied experimentally 

upon exposure to analytes of varying polarity. The sensing 

performance of the fabricated structures compare very well with 

theoretically estimated values obtained through finite element 

simulations. The maximum performance gain is also calculated by 

simulation demonstrating the potential of the technology. 

 
Index Terms—Interdigitated Electrodes, chemocapacitors, 

microelectronic processing. 

I. INTRODUCTION 

InterDigitated Electrodes (IDEs) have been proved a quite 

versatile platform for sensing applications. They offer several 

features that make them a suitable platform for implementation 

in a wide range of diverse applications. Their most important 

characteristics are: (a) the ease of realization with mainstream 

microelectronic processes that allow for volume production of 

miniaturized chips with high repeatability between chips on the 

same wafer substrate (either glass or silicon) and chips from 

different wafers (b) the realization of chips with arrays of IDEs 

electrically isolated that can be employed for multi-analyte 

determinations (c) facile measurement of the sensors’ responses 

with commercially available electronic modules and (d) ultra-

low power consumption. All these unique features make IDEs 

the ideal sensing platform for long term monitoring of gaseous 

environments provided that the sensor response is reversible 

and of low drift. 
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IDEs have been mainly explored for the detection of analytes 

in air focusing primarily on the detection of harmful or toxic 

substances [1-9] but research effort has been also directed 

towards the detection of Volatile Organic Compounds (VOCs) 

in soil and liquids [10-13]. In the applications related to the 

detection of analytes in air, IDEs are usually coated with 

polymeric materials with selective absorbance of particular 

analytes. The sorption of analyte’s molecules, changes the 

dielectric constant of the polymeric coating that results in a 

capacitance change of the device that can be correlated to the 

concentration of the particular analyte [14]. In order to increase 

the capacitance change due to the sorption of analyte, several 

approaches have been explored. “Parallel plates” capacitors 

[15] offer higher analytical performance than planar IDEs 

capacitors, but their fabrication faces certain technological 

difficulties. In this case, the polymeric material must fill the tiny 

gap between the two electrodes while the top electrode has to 

be perforated to allow the interaction between the analyte-target 

and the sensing layer, limiting this way the surface available for 

interaction. In the case of planar IDEs, several theoretical 

studies about the optimization of the sensing performance have 

been reported [16-18] with shrinkage of the electrodes width 

being the dominant task that is performed with standard 

microelectronic processes [19]. 

In planar IDE structures, approximately half of the electric 

field lines pass through the polymeric coating, and the rest pass 

through the substrate. Given that the dielectric substrate (SiO2 

in most of the studies) is not altered in the presence of analytes, 

the sensor’s response (capacitance change) [20-24] is 

approximately half of the maximum response (if the substrate 

would be of the same polymeric sensing material). This has a 

pronounced effect on the sensing performance of the device. In 

order to address this issue, we propose, the etching of the 

dielectric substrate as a simple yet reliable, repeatable and low-
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cost approach for the amplification of the sensing performance. 

In this work, this approach is evaluated through simulation and 

experimentally verified. 

Initially, the sensing performance of planar IDEs is evaluated 

with Finite Element Simulations by using COMSOL 

Multiphysics and then the sensing responses of the fabricated 

IDEs are compared with the simulation ones. Additionally, 

experimental measurements of chemocapacitors coated with 

synthesized, on-purpose, polymeric materials upon exposure to 

analytes of varying polarity, is performed. 

II. MATERIALS &METHODS 

A. Sensors Configuration 

In Fig. 1 a typical top view illustration of the IDE layout 

employed in the present study is presented. The IDEs spatial 

wavelength is defined as λ= 2(W+G), where W (μm) is the 

electrode width and G (μm) is the gap between the consecutive 

unevenly charged electrodes. The cross-section of the IDE 

structure coated with a polymeric layer (chemocapacitor) is 

illustrated in Fig. 2. In Fig. 2A the dielectric substrate of the 

IDE is planar (initial design) and in Fig. 2B it is anisotropically 

patterned with Reactive Ion Etching (RIE) without any 

distortion of the metal electrode dimensions [25]. 

In the present study, IDEs layouts with λ values of: a) 8μm, 

and b) 4μm were studied. In both cases the effect of the 

substrate's patterning to the sensitivity amplification is 

investigated. The actual geometrical characteristics are 

explained, along with an abbreviation in Table I. 

The sensing area of each one of the two layouts has been 

designed in order to fulfill the specifications of the readout 

electronics modules (see next section). 

B. Sensors Fabrication 

The IDEs were fabricated with standard 

microelectronic/micromachining processing steps employing 

thermal oxidation, lithography and etching. In chips 1A and 1B, 

λ=8μm, the thickness of aluminum electrodes is approximately 

300 nm and the sensing area is designed to be 0.90 mm2. In 

chips 2A and 2B, the thickness of the Al electrodes is 

approximately 120 nm and the sensing area is designed to be 

0.64 mm2. The dimensions of the sensing areas were selected 

so that the capacitance before and after sorption is within the 

range (0–21 pF) of a miniaturized read-out electronics module 

[14], that allows for facile measurement of the sensor response 

and easy implementation in applications at the field. In Fig. 3 

top view SEM images of IDEs from both layouts are illustrated. 

After the realization of the IDE arrays, a reactive ion etching 

step follows in order to selectively etch the SiO2 areas between 

the electrodes and produce the 1B and 2B chips. The etching 

step is performed in a Reactive Ion Etcher (Alcatel NE330) with 

the following conditions: RF Frequency: 13.5 MHz, RF Power: 

400 Watt, chamber pressure: 10 mTorr and gas flow rate: 50 

sccm Trifluoromethane (CHF3). 

Each chip accommodates 8 IDEs, all of them sharing the 

same layout. The interconnects end to contact pads of 0.04 mm2 

area, for facile wire bonding in a DIL package. The packaged 

IDE arrays are integrated with the readout electronic module 

that allows for the operation, control and data transfer to a PC 

or other unit with data storage and processing capabilities [14]. 

C. Synthesis of homo and copolymers 

In the present work, polymers synthesized-on-purpose in the 

lab were employed as sensing layers for humidity and certain 

VOCs: non-polar solvent (Toluene), and a weakly-polar solvent 

(Ethyl Acetate, EtOAc). The selected polymeric materials are 

glassy Polystyrene (PS), elastomeric Polyisoprene (PI) and a 

copolymer of PI and PS, Tapered Poly(isoprene-tap-styrene) 

(PI-S)tap. In the case of rubbery polymers, organic solvent 

vapors can be absorbed by a dissolution process according to 

 
Fig. 1. Simplified Schematic top view of InterDigitated Electrodes (IDEs). 

 
Fig. 2. 3D illustration of the chemocapacitor, used in COMSOL simulations, 

without (A) and with (B) substrate patterning.  
 

Fig. 3. Top view SEM images of IDEs. (A) 1A/1B chips and (B) 2A/2B chips TABLE I 

ABBREVIATIONS FOR IDES LAYOUTS STUDIED 

IDEs configuration Abbreviation a 

IDEs with λ=8 μm, where W=1.0 μm and G=3.0 μm. 
The SiO2 substrate is not patterned. 

1A 

IDEs with λ=8 μm, where W=1.0 μm and G=3.0 μm. 

The etching depth in the SiO2 areas between the Al 
electrodes is 750 nm. 

1B 

IDEs with λ=4 μm, where W=1.3 μm and G=0.7 μm. 

The SiO2 substrate is not patterned. 

2A 

IDEs with λ=4 μm, where W=1.3 μm and G=0.7 μm. 

The etching depth in the SiO2 areas between the Al 

electrodes is 250 nm. 

2B 

 

A 

B 
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the Flory-Huggins-type sorption mechanism. The sorption 

increases linearly at lower concentrations according to Henry's 

law [26] and the isotherm curves upwards rapidly in the higher 

concentration range. On the other hand glassy polymers, in 

addition to the dissolution mechanism of sorption, show excess 

sorption in the frozen microvoids of the glassy structure 

according to Langmuir's law (dual-mode sorption model) [27]. 

D. Materials & instrumentation for synthesis 

Benzene (Sigma Aldrich, 99%) was purified over CaH2 and 

distilled under high vacuum into a round bottom flask 

containing polystyrylithium oligomers [PS(-)Li(+)], exhibiting 

the characteristic yellow-orange color. sec-Butyllithium 

(Sigma-Aldrich, 1.4 M in cyclohexane) was diluted to the 

appropriate concentration in purified benzene, in a custom-

made glass apparatus under high vacuum. Styrene (Sigma 

Aldrich, 99%) was purified by distillation over CaH2 and 

dibutyl-magnesium (Sigma-Aldrich, 1 M solution in heptane) 

and stored in pre-calibrated ampoules. Isoprene (Sigma 

Aldrich, 99%) was purified over CaH2 and subsequently by 

double distillation over n-BuLi where it remained under stirring 

for 30 min at 0 oC and finally stored in pre-calibrated ampoules. 

Methanol (Sigma-Aldrich, 99.8%) (terminating agent) was 

distilled over CaH2 and stored under high vacuum. 

E. Synthesis & characterization of Polymeric materials 

All polymerizations were carried out by high vacuum 

techniques, using custom-made glass reactors, equipped with 

break-seals for the addition of the reagents and constrictions for 

the removal of aliquots [28]. 

The linear polystyrene was synthesized by anionic 

polymerization of styrene (5 g) initiated by 0.05 mmol sec-BuLi 

in benzene at RT in an evacuated and n-BuLi washed glass 

reactor. After 24 hours the reaction was quenched by addition 

of methanol (~1 mL) and the solution poured in a large excess 

of methanol to precipitate the polymer. 

The synthetic procedure for the linear polyisoprene with high 

1,4 microstructure, involves the anionic polymerization of 

isoprene (5 g) in benzene with 0.041 mmol of sec-BuLi at RT. 

After 24 hours, the polymerization quenched with methanol and 

the polymer precipitated in methanol. 

The tapered (gradient) copolymer of styrene and isoprene was 

synthesized via anionic copolymerization of equimolar 

amounts (0.073 mmol) of styrene and isoprene in benzene at 

room temperature, using sec-BuLi as initiator. The tapered 

structure of the copolymer is due to the big difference in the 

reactivity ratios of isoprene and styrene in a non-polar solvent 

[29]. The SEC traces and the 1H-NMR spectra of all three 

polymers are given in the supplementary part while the 

molecular characteristics are given in Tables II and III. 

III. SIMULATION 

The capacitance of the IDEs was calculated using the 

COMSOL Multiphysics (www.comsol.com) finite element 

simulation package. In all cases the sensing layer height was set 

higher than λ/2 of the IDEs. According to Igreja and Dias [17, 

30] the sensitivity increases with increasing the sensing film 

thickness because more field lines pass through the sensitive 

region, but it saturates as the film thickness approaches λ/2 of 

the IDEs. We used stationary electrostatics models to compute 

the capacitance, where one electrode was defined as ground and 

the other was given a 1 V terminal voltage. 

In Fig. 4, the electric field profiles around the electrodes for 

the simulated structures of the four IDEs layouts, are presented. 

In the patterned dielectric substrates (1B, 2B respectively), the 

contribution of the overlayer in total capacitance is increased, 

while the substrate’s contribution is reduced. 

Τhe effect of the etching depth on the total capacitance and 

on the capacitance change is illustrated in Figs. 5 and 6 where 

the calculated capacitance for varying overlayer permittivity 

(εr) for the four structures under study is presented. In all cases 

capacitance varies linearly with εr. The sensitivity is defined by 

the ratio ΔC/Δεr, with ΔC=C-Cair, where Cair is the capacitance 

for air (εr= 1) as overlayer, and C is the capacitance for 

overlayer with dielectric constant values larger than that of air. 

The ratio ΔC/Δεr determines the capacitance change for a unit 

change in the sensing film’s permittivity. In order to compare 

the sensing performance between the various layouts, the 

quantity (ΔC/Cair)/Δεr, is introduced, since the uncoated 

capacitance (Cair) depends on both the layout and the patterning. 

  

  
 

Fig. 4. Electric potential profile around the electrodes obtained through 

simulation for 1A, 1B, 2A and 2B IDEs layouts. Axes show dimensions in μm. 
The lateral dimensions of the device under simulation are 65 * 85 μm2 and the 

thickness of the substrate and of the overlayer is 5 μm. The layer stack consists 

of: (a) SiO2 (ε=3.9) as substrate, (b) 300 nm or 120 nm thick Al as electrodes (ε= 

10.0) and (c) overlayer of polymeric film (εr in the 1.0–6.0 range) or air (ε= 1.0). 

TABLE II 
MOLECULAR CHARACTERISTICS OF PS AND PI (A

 SEC IN THF AT 35OC USING 

POLYSTYRENE STANDARDS 

Samples A Mn (g/mol) A Ɖ 

PS 101000 1.05 

PI 120000 1.07 

 
TABLE III 

MOLECULAR CHARACTERISTICS OF TAPERED COPOLYMER OF ISOPRENE AND 

STYRENE (A
 SEC IN THF AT 35OC USING POLYSTYRENE STANDARDS. B

 MASS 

FRACTION WAS CALCULATED BY 
1H-NMR SPECTROSCOPY IN CDCL3 AT RT). 

Sample a Mn (g/mol) a Ɖ b f(PI) 
%(w/w) 

b f(PS) 
%(w/w) 

P(I-S)tap 90000 1.10 0.45 0.55 
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For these IDEs layouts the sensitivity increases, when the 

dielectric substrates are etched (slopes in Figs. 5A, 6A). By 

comparing the results for the 1A and 1B layouts, the sensitivity 

increase is calculated to be about 34% (ratio of sensitivities). 

By applying the same approach, the sensitivity increase is about 

27%, as 2A layouts are modified to 2B. Meanwhile, it is 

observed that the initial capacitance Cair is also changed, due to 

the reduction of the substrate contribution. After the etching 

process, the sensing overlayer fills the trenches formed between 

the electrodes. For uncoated etched layouts (configurations: 1B, 

2B), the capacitance (Cair) is expected to decrease compared to 

the one for non-etched configurations, due to the smaller 

dielectric constant of air compared to the SiO2 substrate (SiO2: 

εr= 3.9).  

Figs. 5A and 6A showthat for each one of the IDEs layout 

cases, when the overlayers have a dielectric constant value 

equal to that of the SiO2 substrate (εr= 3.9), the capacitance is 

constant for all etching depth scenarios. This value is depicted 

as the point of intersection between the different capacitance 

curves. This is similar to a parallel plate capacitor where all 

field lines are extended in one material. Above this point, i.e. 

for coating materials with permittivities higher than the 

substrate, the capacitance value of the etched sensors will be 

larger than the unetched ones. Taking into account these 

capacitance variations of the uncoated sensors (Cair), we also 

present the relative capacitance change, ΔC/Cair, (Figs. 5B and 

6B). In both cases, etching can induce a relative sensitivity 

increase up to over 50%. 

Additionally, we have considered the variation of the relative 

sensitivity with the etching depth for the examined IDEs 

layouts. Simulation results are shown in Fig. 7, where the 

etching depth is normalized to spatial wavelength, λ. The 

relative sensitivity increases and saturates for both examined 

layouts when the etching depth is close to the maximum 

penetration depth of the electric field i.e. equal to λ/2. The 

higher maximum relative sensitivity value for IDEs with λ= 8 

μm is due to the larger gap between electrodes (G) compared to 

the electrode width (W), which results in reduced Cair values. 

According to the theoretical study, the optimal etching depth is 

approximately λ/2. Compared to 1B and 2B cases, simulation 

predicts that deeper etching up to λ/2 would further increase the 

relative sensitivity above 40%. It is evident that the spatial 

wavelength of each IDE layout is crucial, since it constrains 

both the height of the overlayer, that is sufficient to fully cover 

the electric field [30], and the maximum beneficial etching 

depth of the dielectric layer. 

 
 

 
 

 

Fig. 5. Simulation data for IDEs with W= 1.0 μm and G= 3.0 μm with aluminum 

thickness of 300 nm without etching (configuration 1A) and various etching 
depth values as described in the inset (configuration 1B is included). (A) 

Capacitance vs. dielectric constant of overlayer and (B) relative capacitance 

change vs. dielectric constant of overlayer 
 

 

 
 

Fig. 6. Calculated capacitance for IDEs with W= 1.3 μm and G= 0.7 μm with 

aluminum thickness of 120 nm. Examined scenarios for different etching 
depths of the dielectric substrate as described in the insets. The cases of 2A and 

2B are included. (A) Capacitance value vs. dielectric constant of overlayer and 

(B) relative capacitance change vs. dielectric constant of overlayer. 

 
Fig. 7.  Theoretical study on the relative sensitivity change vs. the etching depth 

of the dielectric substrate. X-axis is dimensionless: etching depth / (λ/2). 
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IV. EVALUATION OF POLYMER-COATED SENSORS 

In this work we have chosen to experimentally study cases 

with intermediate etching depths (<λ/2) and also investigate 

their sensing behavior when coated with different polymeric 

materials. This study is a key aspect for further optimization of 

the IDEs layout towards the optimum sensing performance. In 

each case, the sensors were characterized either uncoated or 

coated with the polymeric materials presented above. 

Prior to measurement at gaseous environment of controlled 

concentration of analytes, the uncoated IDEs were measured in 

dry environment, upon exposure to inert gas (N2) and their Cair 

values were compared with those of the theoretical study. In 

Table IV, the simulation and the experimental data for the 

various IDEs layouts investigated in the present study are 

presented. Agreement between the simulation and experimental 

data is demonstrated for all layouts. For the capacitance 

measurement, a miniaturized module based on the commercial 

24-Bit Capacitance-to-Digital Converter is used [7], that allows 

for the measurement of capacitance changes of 1fF. The real 

resistance of IDEs, with DC excitation signal, was measured to 

be over 100Mohm. In addition, the Q factor of the IDE 

structures, measured with an HP 4192 LF impedance analyzer 

at 1MHz, was found to be between 30 and 200. The polymers 

used as sensing layer are non-conductive, and the real resistance 

of the final sensors is measured again above 100Mohm. 

The polymer coated sensors are tested upon exposure to 

various concentrations of selected analytes. All measurements 

were performed with the use of a fully automated, temperature 

stabilized, set up for the production of constant gaseous 

environments, by means of the bubbling technique, in 

continuous flow through the sensors [14]. All analytes were 

purchased from Sigma Aldrich and used as received. These 

analytes were: a non-polar solvent (Toluene), a weakly-polar 

solvent (Ethyl Acetate, EtOAc) and humidity. The capacitance 

measurements were performed with a previous developed 

electronics module, that offers a very low noise [14]. Typical 

dynamic measurements are presented in Figs. 8 and 9. 

In Fig. 8 the capacitance changes of same IDEs layouts (2A) 

coated with different polymer upon exposure to controlled 

concentrations of humidity and VOCs are presented. In Fig. 9, 

typical dynamic measurements of sensors with different IDEs 

layout, and coated with the same polymer are presented. The 

sensors responses upon exposure to controlled concentration of 

analyte vapor are defined as δC(fF)=Ceq-Cp, where Ceq is the 

capacitance value in equilibrium with the analyte vapor of a 

certain concentration (expressed in ppm) and Cp is the 

capacitance of the polymer coated sensor at dry environment 

(exposure to N2). 

The response of a chemocapacitive sensor is mainly 

determined by two factors: (i) the sorption capacity of the 

polymer to analyte and (ii) the difference in dielectric constants 

between polymer and analyte. The sorption capacity for a given 

system is determined by the chemical affinity between polymer 

and analyte. An estimation of the latter is given by the 

difference in the solubility parameters, δ, of polymer and 

analyte. The calculation of solubility parameter for polymer and 

solvents individually is based on group contribution method 

[31]. In particular, the estimated values of total solubility 

parameter δt is 23.5 (cal/cm3)1/2 for water, 13.4 (cal/cm3)1/2 for 

ethyl acetate and 10.1 (cal/cm3)1/2 for toluene, while for PS and 

PI are 9.5 and 9.3 (cal/cm3)1/2 respectively. 

Thus, relatively hydrophobic PS and PI materials, are 

expected to show lower sorption capacity to water, in relation 

to non-polar toluene and weakly polar ethyl acetate. The higher 

responses of all sensors to humidity and ethyl acetate vapors in 

Fig. 8, are due to the higher dielectric constant of these polar 

molecules as compared to toluene, rather than the sorption 

capability of the polymeric material to these analytes. 

Additionally, all three polymer-coated sensors show 

approximately the same responses to toluene, which is a good 

solvent for all three polymeric materials. PS shows higher 

responses to ethyl acetate and water than PI, possibly due to the 

slightly higher affinity to these analytes or possibly due to 

excess sorption capacity according to dual mode sorption 

characterizing glassy polymers. The copolymer shows 

responses between those of the two homopolymers, in line with 

mixing rules of composite materials. 

 
Fig. 8. Dynamic capacitance measurements of same IDEs layouts with different 

polymer coatings. 

TABLE IV 

COMPARISON BETWEEN SIMULATION AND EXPERIMENTAL DATA FOR SAME 

IDES LAYOUTS 

IDEs layouts 
Cair (Simulation 

values), (pF) 

Cair (Experimental 

values), (pF) 

1A 4.703 4.546 (±0.229) 
1B 3.572 3.619 (±0.139) 

2A 9.639 9.626 (±0.395) 

2B 7.825 7.729 (±0.255) 

 

TABLE V 

SENSITIVITY (MEAN VALUE) OF SELECTED POLYMER-ANALYTE SYSTEMS 

AND ESTIMATED LIMIT OF DETECTION (LOD) 

IDEs 

Polymer-Analyte System 

P(I-S)tap-EtOAc PI-Toluene PS-Water 

S (*10-3) 

fF/ppm 

LoD 

ppm 

S (*10-3) 

fF/ppm 

LoD 

ppm 

S (*10-3) 

fF/ppm 

LoD 

ppm 

1A 8.5 118 8.0 125 5.0 200 

1B 11.0 91 10.4 96 6.0 167 

2A 17.0 59 16.0 62 9.4 106 

2B 21.0 48 20.0 50 12.0 83 
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For all cases, for sensors coated with the same polymer with 

different IDEs layouts, (e.g. Fig. 9) an increase in response as λ 

value of the IDEs is decreased, is observed. Moreover, for all 

cases with same λ, the responses increase as the substrate is 

etched. 

The responses, were recorded and plotted for different 

concentrations of the vapor analyte. In Fig.10, the responses for 

two different polymer-analyte systems for all the examined 

IDEs layouts are shown. All reported measurements were 

performed three times in successive days under the same 

conditions by using the particular measurement set-up that 

guarantees long term stability of the environmental temperature 

and humidity. The capacitance responses appear in the related 

figures, are the mean values of these measurements along with 

the standard deviation values (Fig. 10). So, the sensors are 

proved to be reusable in short-term. The excellent recovery of 

the base capacitance at nitrogen environment is a clear 

indication of the long term stability of the developed sensors 

when these sensors are not exposed in environments that 

modify the polymeric layer properties. Further measurements 

will be performed in the near future, to study the long-term 

stability and the aging effect of the sensors. 

For all IDEs layouts and polymer-analyte systems, the δC(fF) 

vs. analyte concentration plots were linear. This is due to the 

low concentration range studied, or in the case of humidity, due 

to the low sorption capability of the particular polymers. For all 

polymer- analyte systems the sensitivity (S=δC/ppm (fF/ppm)) 

is calculated, table V. The measurement noise is ∼0.2-0.3 fF 

[15] and therefore capacitance signal (δC) of 1 fF 

(Signal/Noise=3) is detectable. 

The limit of detection (LoD) is defined per analyte and is the 

analyte's minimum detectable concentration i.e. the lowest 

quantity of a substance that can be distinguished from the 

absence of that substance (nitrogen environment, a blank 

value). LoD is calculated by linear extrapolation of the ΔC vs. 

analyte concentration curve to 3σ/S, where σ is the standard 

deviation of the blank capacitance value, and sensitivity 

S=δC/ppm (fF/ppm)) is the slope of the fitting curve. The 

standard deviation of the blank value is the noise of the read-

out electronics module employed for the measurement of the 

sensor response, and in the particular case has a value of 0.2fF-

0.3fF [15]. Therefore the LoD(fF) is equal to 1.0fF/S(fF/ppm). 

For all investigated IDE layouts, the results [mean values of 

sensitivity S, and LoD] for the three examined polymer-analyte 

systems are presented in Table V. 

The sensitivity of polymer-analyte system increases with the 

decrease in λ (1A and 2A samples). For the same λ and for each 

polymer-analyte system the sensitivity increases when the 

substrate is etched. This is also depicted by the reduction of the 

LoD values respectively. According to the theoretical study 

(Fig. 7) the optimal etching depth is λ/2 and the predicted 

enhancement of LoD would be 15% (i.e. for 1.3 μm (W) / 0.7 

μm (G) layouts with substrate etching upon λ/2, the LoD for 

P(I-S)tap-coated sensor-EtOAc system is estimated to be 41 

ppm). The trend of this enhancement is defined by the ratio of 

the sensitivities for IDEs with and without substrate etching. 

The experimental results are shown in Table VI together with 

the theoretical values. The experimental data are presented as 

mean values with the standard deviation as calculated from the 

above different polymer analyte systems. The conformity 

between theoretical and experimental results is fairly good. 

V. CONCLUSION 

The planar IDEs configuration as a platform for 

chemocapacitive sensor applications has proven to be a feasible 

 

 
Fig. 10.  Plot of equilibrium capacitance change values in relation to various 
vapor concentrations of (A) EtOAc and (B) toluene, for different IDEs layouts 

with same polymer coatings (A) P(I-S)tap and (B) PI, respectively. 

 
Fig. 9. Dynamic measurements of same polymer on different IDEs layouts. 

TABLE VI 
THEORETICAL VS EXPERIMENTAL ESTIMATION OF SENSITIVITY INCREASE 

(IDEs on patterned 
substrate) / (IDEs on 

planar substrate) 

Theoretical 

sensitivity gain 

Experimental sensitivity 

amplification 

S(1B) / S(1A) 1.34 1.26 (±0.05) 

S(2B) / S(2A) 1.27 1.25 (±0.03) 
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and low-cost approach, compared to other types of capacitors. 

In this work, we are dealing with the task of sensitivity increase 

of sensors with specified electrode width/gap dimensions. In 

order to address this issue, without distortion of the electrodes 

configuration, we explore the case of patterning the dielectric 

substrate with etching technique. 

Prior to fabrication, a theoretical study was deemed 

necessary for determination of the sensing performance of the 

examined IDEs layouts (with and without substrate patterning). 

This was realized with Finite Element Simulations by using 

COMSOL Multiphysics. Two IDE layouts with different λ were 

systematically studied. For both cases, the theoretical study 

showed a significant increase in (relative) sensitivity when the 

etching procedure is realized. A study about the optimum 

etching depth for each IDEs configuration is also reported. 

Selected IDEs layouts (with and without substrate 

patterning) were fabricated and evaluated. For all cases the 

agreement between theoretical and experimental results is 

evident (Table IV). The IDEs were coated with different 

polymeric materials and measurements upon exposure to 

analytes of varying polarity were performed. The response of 

the polymeric materials used was determined by both their 

sorption capacity and mode of sorption to each analyte, in 

conjunction with the difference in dielectric constants between 

polymer and analyte. For all cases of IDEs layouts and polymer-

analyte systems, the responses were linear with the 

concentration of the analytes. The experimental sensitivity of 

every polymer-analyte system is increased as λ is reduced. 

Additionally, for layouts with same λ, the sensitivity is 

increased as the substrate is patterned. This is also expressed in 

lower LoD values for all polymer-analyte systems. The 

theoretically estimated trend in sensitivity increase is in 

accordance with the results of the experimental study. 
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