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Abstract—Capacitive ECG bioelectrodes are potentials for 
wearable and long-term physiological monitoring applications. 
In non-contact ECG recordings, the dielectric material sets limit 
to smooth bioelectric signal acquisition. Previously used 
dielectrics are rigid, unconformable on the skin, induce artifact 
and triboelectric noise, and becomes unstable   when   they 
absorb   skin   exudates.   Recently, polymeric materials such as 
PDMS have gained different biomedical applications because it 
is biocompatible, flexible, and easy to fabricate. However, its use 
as a dielectric for capacitive ECG sensing is poorly reported. In 
this study, 15 samples of thin PDMS films of various thicknesses 
were fabricated by varying the proportion of the Sylgard 184TM 
silicone elastomer to the crosslinker from Dow Corning 
Corporation, and manually deposited on acrylic glass 
substrates. The composition ratio and thickness were used to 
tune the structure and dielectric properties of the films. The 
effects on the capacitance generated by each dielectric film were 
measured using the parallel plate method, and their 
corresponding values of relative permittivity was also estimated. 
The results obtained reveal that PDMS films made from a 
composition ratio of 10:2 yielded the maximum capacitance and 
relative permittivity. In contrast, the film with 0.14 mm 
thickness revealed the highest value of capacitance (31 pF). The 
recorded values of capacitance demonstrate   the   feasibility   of 
PDMS   dielectrics   for capacitive ECG bioelectrodes. 

Keywords—polydimethylsiloxane, composition ratio, dielectric 
films, dielectric parameters, capacitive ECG bioelectrode, 
capacitance 

I. INTRODUCTION 

Electrocardiography can reveal the health status of the 
human heart through bioelectrical signals that are collected 
using non-invasive electrodes[1]. The wet silver/silver 
chloride is the ubiquitous clinical electrode with 
incomparable signal quality for the short-term recording of 
electrocardiogram (ECG). However, in a long-term 
application, dehydration of the gel can result in severe signal 
attenuation and noise interference[2]. Capacitive bipotential 
electrodes are exciting wearable bioelectronics for long term 
monitoring of human physiological status. They are capable 
of non-invasively recording heart bioelectric signals via 
dielectrics[3]. Metal oxides and fabrics have impressive 
dielectric properties, but in prolonged use, they induce 
electrical interference strong enough to corrupt weak 
biopotential signals such as the ECG[4].  

Polydimethylsiloxane, known as PDMS, is a synthetic 
polymer of silicone that has gained many biomedical 
applications because of its unique electrical properties[5, 6]. 
However, no previous study has extensively explored the 
dielectric capability of pure PDMS for capacitive 
bioelectrodes. It is of interest to characterized PDMS to 

examine its dielectric performance for potential applications 
in wearable heart monitoring devices. High mortality due to 
heart problems has influenced the demand for a flexible and 
comfortable ECG electrode for constant monitoring and early 
detection of cardiac malfunction[7]. Non-contact biopotential 
electrodes can operate based on capacitive coupling without 
the need for electrolytic paste or gel[3]. Separate from the 
sensing element, the dielectric is another vital material that 
could influence the effective performance of any capacitive 
ECG bioelectrode[2]. 

II. LITERATURE REVIEW

Dielectrics are materials with weak ability to conduct 
electric current.  They are insulators which polarised when 
subjected to an electric field[8]. Materials, whether insulators 
or conductors, have separate dielectric and electrical 
characteristics. It is imperative to select an appropriate 
dielectric material that can generate sufficient electric 
charges for the sensing conductor[9]. Previously, oxide of 
metals such as barium[10], tantalum[10, 11], aluminum[12], 
and silicon[10] have been tested as dielectrics for capacitive 
ECG sensing. The disadvantages of these dielectric materials 
in bioelectrodes are their rigid structure, nonconformity with 
skin, proneness to noise artifacts, and require special 
shielding against electrical interferences[2, 13]. 

Alternative materials used as dielectrics are natural and 
synthetic fabrics[4, 14].  Dielectric fabrics are soft, breathable, 
porous, and skin conformable. However, in long-term ECG 
measurements, they exhibit unstable dielectric behavior due 
to sweat absorption, surface deterioration, and induce 
frictional noise. A literature review has shown the research 
conducted on non-contact bioelectrodes reveal that cotton is 
the most widely used fabric as dielectrics[7]. [4] 
characterized fabric dielectrics made from cotton, rayon, 
linen, polyester, nylon, and polyvinyl cloths for the design of 
capacitive copper-based electrodes to detect bioelectric 
signals due to muscular movement. Their findings did not 
include any reason for the low noise recorded and the effect 
of moisture on the dielectric materials. In another study,  [15] 
made an attempt to optimize the ECG signal quality using a 
fabric-based electrode. Another concern is the friction 
between the skin and fabric dielectric can create triboelectric 
charges strong enough to corrupt ECG signals.  

Generally, natural and synthetic polymeric materials 
have low dielectric constant. In microelectronics, polymers 
serve as insulators against current leakage and dielectrics 
between conductors[16]. PDMS belongs to the class of 
synthetic polymeric silicones that is flexible and harmless to 
human tissue. It is biocompatible, soft, elastic, and flexible to 
provide better ergonomic support to the skin[17-19]. Even at 
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giga-hertz test frequency for antennas, its dielectric constant 
is seldom above 3[20]. Notwithstanding, there is feasibility 
for dielectric enhancement of silicone PDMS[5, 21]. Also, 
pure PDMS has not been reported to induce triboelectric 
charges[22].  

In this study, we characterize manually fabricated PDMS 
films for dielectric applications in capacitive ECG 
bioelectrodes. In Section I, an introduction to ECG 
bioelectrodes is given. Section II is a concise review of 
related studies. Section III describes the materials and method 
employed while Section IV contains results and discussion. 
The last stage is Section V which presents the conclusion 
reached and suggestions. 

III. MATERIALS AND METHOD 

A. Chemicals and Materials 

1.1kg silicone elastomer kit comprising of the Sylgard 
184 (Part-A) and curing-agent (Part-B) from Dow Chemical 
Co, USA, were the main components of the polymer liquid. 
A transparent multipurpose polymethyl methacrylate 
(PMMA) acrylic glass films of size 21.0 x 29.7 cm and 3 mm 
thickness from Cytron Technologies, Malaysia, was used as 
substrate plates. The transparency of the substrates was to 
allow physical observation of possible defects that could 
occur during the arrangement of substrates. A commercial 
0.125 mm thick plain PET polyester (mylar) film of 48 x 255 
cm size plus an adhesive tape of 0.14 mm thickness were also 
used as supporting substrate and spacer.   

B. Fabrication of Thin PDMS Films 

Fifteen samples of thin PDMS dielectric films of 0.14, 
0.28, 0.42, 0.56, and 0.60 mm thickness were fabricated by 
mixing different proportions of the silicone elastomer (Part-
A) and the curing agent (Part-B). The manual deposition 
technique for fabricating the PDMS dielectrics are described 
in Fig 1. Spin-coating method has been largely used by 
researchers to fabricate thin PDMS films because it can 
produce films with homogeneous surface[23, 24]. The 
disadvantages of spin-coating are that it requires standard 
laboratory facilities, technical training, and wastes raw 
materials. The idea of the fabrication technique used in this 
experiment was primarily established by[25]. This method 
was found to be simple, low-cost, reproducible, and the 
needed materials are easily obtainable. To fabricate thin 
PDMS films of thickness 0.14, 0.28, 0.42, 0.56, and 0.60 mm, 
a mixture of PDMS Part-A and Part-B in a ratio of 10:1 was 
manually stirred for 3 minutes at room temperature.  

 

 

 

 

 

 

 

 

Fig. 1. Schematic procedure for fabrication of thin PDMS using manual 
deposition technique  

The composition was then degassed to remove any 
trapped air that was added during the stirring. The mylar film 

was cut to the size of the PMMA glass and was arranged, as 
shown in Fig 1. Adhesive tape of thickness 0.14 mm was used 
as a spacer to set the thickness of the fabricated PDMS film.  
After that, the mixture was deposited while another set of 
mylar film and PMMA glass were used to sandwich the 
polymer liquid, and then compressed tightly using binder 
clamps. Lastly, the complete setup was placed inside a pre-
heated oven at 80 oC for 60 minutes, as exemplified in Fig 2. 
The experiment was repeated for another mixture ratio of 
10:1.5 and 10:2 for the same thickness.  

 

 

 

 

 

 

 

 

Fig. 2.  Samples of pre-baked PDMS films interposed between PMMA glass 
plates prior to baking inside oven 

A. Electrical and Dielectric Parameters of PDMS Films 

The standard technique recommended for the 
measurement of relative permittivity at low frequency, 
usually below 1 GHz, is the parallel-plates method. To 
demonstrate the effect of PDMS composites mix ratio and 
thickness on the dielectric parameters, each sample of the 
fabricated PDMS film was inserted between two single-sided 
printed copper boards (PCB). The bottom PCB had an area of 
64.80 cm2 while the top plate had a size of 43.20 cm2.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 3. Capacitance measurement by parallel-plate technique (a) top view and 
(b) front view 
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A 2 kg load and a high-density foam were then placed on 
the final setup to provide adequate touching of the PDMS 
film and PCBs. The instruments were arranged as shown in 
Fig 3. A commercial LCR meter (UT612) was used to take 
the capacitance measurements for each sample of the PDMS 
film of the parallel-arranged copper PCBs. The LCR meter 
had a precision of ± (0.5% + 5) and default frequencies of 100 
Hz, 120 Hz, 1 kHz, 10 kHz, and 100 kHz. 

IV. RESULTS AND DISCUSSION 

The experiment has been performed to examine the 
behavior of the dielectric parameters of manually fabricated 
PDMS films. Table I provides a summary of the capacitances 
measured. To confirm the insulating property of the 
fabricated films, a digital multimeter was used to measure 
their resistances. All the samples produced a resistance 
value >200 MΩ, indicating they are pure insulators. 

A. Measured Capacitance by Parallel Plate Method 

TABLE I.  VALUES OF CAPACITANCE MEASURED FOR DIFFERENT 
PDMS MIXTURE RATIO, THICKNESS, AND TEST FREQUENCY 

Polymer 

Ratio 

Thickness 

d (mm) 

Resistance 

(MΩ) 

Capacitances Measured at Different Test Frequency, 

CE (pF) 

100 Hz 120 Hz 1 kHz 10 kHz 100 kHz 

10:1 

0.14 > 200 28.00 28.00 25.70 24.02 22.03 

0.28 > 200 27.00 27.00 24.85 23.00 21.76 

0.42 > 200 26.00 26.00 23.89 22.90 20.78 

0.56 > 200 24.00 24.00 22.01 21.00 20.86 

0.60 > 200 24.00 23.00 21.54 20.48 19.85 

10:1.5 

0.14 > 200 29.00 29.00 27.47 26.10 24.34 

0.28 > 200 28.00 28.00 26.00 24.55 23.78 

0.42 > 200 27.00 27.00 25.07 23.80 22.76 

0.56 > 200 26.00 26.00 24.20 23.00 20.88 

0.60 > 200 26.00 25.00 23.85 22.76 20.48 

10.2 

0.14 > 200 31.00 31.00 28.90 27.56 25.60 

0.28 > 200 30.00 30.00 27.28 26.12 24.88 

0.42 > 200 29.00 29.00 26.98 25.00 23.71 

0.56 > 200 28.00 28.00 26.04 23.84 22.51 

0.60 > 200 28.00 28.00 25.89 23.52 22.15 

The capacitance values measured are provided in Table I 
and displayed in graphical forms in Fig. 4, Fig. 5, and Fig. 6 
for three prepolymer composition ratios and different 
thickness. The lowest default frequency of the LCR meter 
(UT612) used for measurement is 100Hz. Changes in the 
capacitance generated by each film can be seen as the 
composition ratio and thickness are increased for different 
test frequency.  

 

 

 

 

 

 

 

 

 

 

Fig. 4. Effect of thickness and mixture ratio of 10:1 on dielectric capacitance 
at different test frequency 

The highest values of capacitance generated at the 
frequency were 28pF for a mix ratio of 10:1, 29pF for 10:1.5, 
and 31pF for a ratio of 10:2. These values were obtained for 
a dielectric thickness of 0.14mm. The findings of the 
experiment showed that for a parallel plate of conductors, the 
capacitance is in inverse proportion to the dielectric thickness. 
The higher the thickness of the dielectric, the lower the 
capacitance value. For the three polymer composition ratios 
and frequencies, the lowest values of capacitance were 
recorded at a dielectric thickness of 0.60 mm. Surprisingly at 
the constant thickness, it was observed that the capacitance 
was decreasing with an increase in frequency. The test 
frequency of 100 kHz produced the lowest values. 

 

 

 

 

 

 

 

 

 

 

Fig. 4. Effect of thickness and mixture ratio of 10:1.5 on dielectric 
capacitance at different test frequency 

 

 

 

 

 

 

 

 

 

 

Fig. 5. Effect of thickness and mixture ratio of 10:2 on dielectric capacitance 
at different test frequency 

For instance, at a thickness of 0.42 mm, the capacitance 
value dropped from 26 pF to 20.78 pF for the mixture ratio of 
10:1, 27 pF to 22.76 pF at 10:1.5, and 29 pF to 23.71 pF at 
10:2. 

Theoretically, for any two parallel plate conductors, their 
capacitance can be described as, 

ܥ  = ܣ௥ߝ௢ߝ ݀⁄  (1) 

CE is capacitance measured in (pF); the relative permittivity 
of the PDMS dielectric material is εr; εo is the permittivity of 
free-space in (F/m); A is the size of the upper conductor plate 
in (cm2).  Assuming other parameters at the denominators are 
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constants, then the capacitance would largely depend on the 
dielectric thickness and test frequency. The same (1) was 
modified to estimate the values of the relative permittivity of 
PDMS film samples, as given in Table II. 

In Fig 4, there was a significant decrease in capacitance 
from the test frequency of 1 kHz to 100 kHz. Likewise, the 
drop in capacitances was observed graphically in Fig 5 and 
Fig. 6 when the mix ratio was increased 0.5. The highest 
values of capacitance measured were 28 pF, 29 pF, and 31 pF 
at a dielectric thickness of 0.14 mm, while the least 
capacitances recorded were 19.85 pF, 20.48 pF, and 22.15 pF 
at 0.60 mm. Interestingly, the polymer mix ratio of 10:2 
yielded the highest capacitance out of the three polymer 
compositions. Therefore, this result validates that the 
proportion of crosslinker in the prepolymer has an effective 
impact on the dielectric parameters of the PDMS films.  

TABLE II.  TESTIMATED VALUES OF RELATIVE PERMITTIVITY AT 
DIFFERENT TEST FREQUENCY 

Polymer 

Ratio 

Thickness 

d (mm) 

Estimated Relative Permittivity at Different Test 

Frequency, ࢘ࢿ 
100 Hz 120 Hz 1 kHz 10 kHz 100 kHz 

10:1 

0.14 0.102 0.102 0.094 0.088 0.081 

0.28 0.198 0.198 0.182 0.168 0.159 

0.42 0.285 0.285 0.262 0.251 0.228 

0.56 0.351 0.351 0.322 0.307 0.305 

0.60 0.376 0.361 0.338 0.321 0.311 

10:1.5 

0.14 0.106 0.106 0.101 0.096 0.089 

0.28 0.205 0.205 0.190 0.180 0.174 

0.42 0.296 0.296 0.275 0.261 0.250 

0.56 0.381 0.381 0.354 0.337 0.306 

0.60 0.408 0.392 0.374 0.357 0.321 

10:2 

0.14 0.113 0.113 0.106 0.101 0.094 

0.28 0.220 0.220 0.200 0.191 0.182 

0.42 0.318 0.318 0.296 0.275 0.260 

0.56 0.410 0.410 0.381 0.349 0.330 

0.60 0.439 0.439 0.406 0.369 0.347 

Table II presents the calculated relative permittivity for 
each PDMS film for the frequency range of 100 Hz to 100 
kHz. The lowest values of relative permittivity attained were 
0.102 at a thickness of 0.14 mm and 0.376 for 0.60 mm for a 
constant frequency of 100 Hz. For a maximum frequency of 
100 kHz, the relative permittivity calculated progressively 
improved from 0.081 to 0.311, 0.089 to 0.321, and 0.094 to 
0.347. A likely reason could be an increase in the ratio of the 
crosslinker alters the chemical structure of PDMS, thereby 
making it more polarizable, hard, but less elastic. The 
optimum relative permittivity achieved was 0.439 for 0.60 
mm thickness at low frequencies of 100 Hz and 120 Hz. 

TABLE III.  COMPARISON OF DIELECTRIC PARAMTERS OF DIFFERENT 
MATERIALS 

Material 
Thickness 

(mm) 
Capacitance 
at 1 kHz (pF) 

Relative 
Permittivity, ࢘ࢿ 

Ref 

Cotton 0.23 101.19 3.004 

[4] 

Rayon 0.58 67.88 3.118 

PVC-
Textile 

0.24 36.09 5.082 

Polyester 0.16 57.04 1.178 

Nylon 0.48 19.72 1.222 

Linen 0.40 77.61 4.007 

PDMS 0.14 31 pF 0.439a 
Current 
study 

a. Maximum relative permittivity for PDMS was obtained at 0.60 mm dielectric thickness 

While the results of this study prove the initial assertion 
that dielectric parameters of PDMS can be altered by tuning 
essential factors such as thickness and mix ratio, the highest 
capacitance and relative permittivity generated are 
comparably lower than that of cotton and other synthetic 
fabric dielectric materials as recorded in Table III. Likely 
reasons for this difference are that the dielectric properties of 
fabrics are affected by chemical structure and permeability. 
Though the thickness, material size, and test frequencies used 
in both scenarios were not the same. 

V. CONCLUSION 

In summary, for the first time, the impact of polymer 
ratio, thickness, and frequency on dielectric parameters on 
PDMS films was evaluated. The results obtained from this 
experimental study research proves that thickness, polymer 
composition ratio, and test frequency have noticeable effects 
on the dielectric parameters of manually fabricated PDMS 
films.  An increase in the proportion of the silicone elastomer 
curing agent causes the relative permittivity of PDMS 
dielectrics to rise. The optimum value achieved was for a 
polymer component mix ratio of 10:2. In contrast, the 
maximum value of the relative permittivity recorded was 
0.439 at a maximum thickness of 0.60 mm, and 4.48 pF was 
the electrode-skin capacitance obtained at the minimum 
dielectric thickness of 0.14 mm. This finding suggests that the 
active electrode area should be made large enough to balance 
the low capacitance of the PDMS dielectrics. Two possible 
ways are to reduce the thickness of the dielectric and integrate 
a sensor element of high conductivity. The proposed PDMS 
films have dielectric parameters to support capacitive 
bipotential measurement applications effectively.  
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