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ABSTRACT 

Non-contact electrocardiogram (ECG) bioelectrodes need biocompatible 

dielectrics that can record cardiac signals for the long-term without skin 

irritation. Existing biomedical dielectrics used in non-contact ECG 

bioelectrodes exhibit rigidity, require expensive experiments, and induce 

noise interference during recording. This study explores unblended 

polydimethylsiloxane (PDMS) films as alternative biocompatible 

dielectrics for non-contact bioelectrodes. Unblended PDMS films were 

characterized using a simple deposition technique by increasing the 

proportion of the PDMS cross-linker while the polymer elastomer was 

kept constant. Next, energy dispersive X-ray (EDX) was performed to 

determine the elemental components for each PDMS film sample as well 

as their dielectric constants. The dielectric performance of PDMS film 

with the highest dielectric constant alongside fabric dielectrics and wet 

bioelectrodes were experimented in recording ECG signals. The EDX 

analysis revealed different compositions, by percentage of carbon, silicon, 

and oxygen, which varied with the increase in proportion of the cross-

linker. Moreover, ECG measurements confirmed that the unblended 

PDMS dielectric film with the highest cross-linker ratio (10:2) performed 

sufficiently comparable with other bioelectrodes experimented with, 

demonstrating their potential as a cost-effective and biocompatible 

solution for non-contact bioelectrodes in long-term ECG monitoring. 
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1. INTRODUCTION

Cardiac diseases are non-communicable lifetime 

illnesses that affect all demography of people 

across different genders and ages. Heart 

abnormalities remain a health challenge and the 

highest cause of death globally [1, 2]. Patients 

suffering from heart problems are medically 

advised to continuously monitor their health status 

to early detect heart dysfunction to avoid sudden 

heart failure or harm to organs that rely on the 

cardiac conduction system [3, 4]. 

Electrocardiography is the clinical technique used 

to acquire the bioelectrical signals generated by the 

heart in the form of an interpretable waveform [5]. 

To date, Cardiologists use the electrocardiogram 
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(ECG) as a medical diagnostic tool to provide 

remedy for heart problems. 

ECG bioelectrodes are of various types: wet, 

direct contact, micro-needles, and non-contact 

(capacitive), as classified in Figure 1. The 

silver/silver-chloride (Ag/AgCl) bioelectrodes 

were the foremost and till today the most popularly 

employed non-invasive biopotential sensors for 

acquiring heart electrical signals [6, 7]. 

Over the past years, there has been a growing 

effort towards long-term ECG monitoring for 

patients with critical heart problems. Monitoring of 

heart activities for extended period ensures 

physicians do not miss any useful indicators of 

irregular heart functioning [8-11].  

The United States (US) Food and Drug 

Administration (FDA) has recommended that “any 

biomedical electronic for health monitoring needs 

to be biocompatible in the environment applied” 

[12]. Therefore, the regulation entails that the 

bioelectrode skin region (BSR) which is the point 

for sensing biopotentials, should be free from 

unhealthy reactions. However, in long-term 

monitoring of ECG, environmental factors would 

cause the skin to generate exudates and moistness 

[13]. 

 

 
Figure 1. Categories of non-invasive ECG bioelectrodes 

 

Dry, direct contact bioelectrodes operate through 

physical contact with the skin. They can be used in 

long-term ECG monitoring because they guarantee 

ease without skin preparations and offers the safest 

approach to prevent skin irritations [14, 15]. For 

the non-contact or capacitive biosensing, ECG is 

measured via a dielectric material. The 

bioelectrodes can effectively operate without direct 

skin contact and need for stringent clinical 

procedures.  

Research on non-contact mode of acquiring 

ECG is not recent. Early examples of dry 

capacitive medical bioelectrodes were 

demonstrated by Richardson et al. in 1968 [16], 

Lopez and Richardson in 1969 [17], and Potter and 

Menke in 1970 [18]. The earlier research on non-

contact ECG bioelectrodes utilised metal 

compounds with high dielectric constant as 

dielectrics [16,19-22]. However, majority of these 

metal-based dielectrics involve complex methods 

such as anodic reaction [23], sputtering [24] and 

chemical deposition [25, 26], and required 

expensive equipment.  

An important aspect of non-contact ECG 

recording is high coupling-capacitance is essential 

to obtain a biosignal with good resolution. 

Theoretically, equation (1) shows that the 

coupling-capacitance largely depends on the 
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properties of the dielectric material [27], as well as 

the active contact area of the bioelectrode. 

𝐶 =  
𝜀𝑜𝜀𝑟

𝑑
 (1) 

Where, C is the coupling capacitance, 𝜀𝑜 is the 

permittivity of air, 𝜀𝑟 is relative permittivity of the 

dielectric material, and d is the thickness of 

dielectric.  

Cotton is another commonly used fabric 

dielectric material. However, its porosity causes 

unstable dielectric behavior in long-term ECG 

recording thereby causing unreliable biosignal 

measurements [28]. Other types of biomedical 

dielectrics are polymers. Polymers are inert 

materials with low dielectric constants and are 

employed as insulators [29, 30]. Currently, there is 

an increase in the exploration of polymers for 

different biomedical applications because they are 

stretchable, skin conformable and non-toxic to 

human tissue [31-33].  

PDMS is a good insulator, but it has poor 

dielectric performance. Many techniques have 

been proposed to enhance the weak dielectric 

properties of PDMS using nanoparticles as 

composites for non-biomedical applications [34-

38]. However, the techniques employed require 

expensive nanoparticles, hazardous laboratory 

procedures, and expensive equipment. Strict safety 

precautions are also required to characterize these 

materials. In some instances, the experiment might 

fail, as reported in [39], leading to a waste of time 

and resources.  

PDMS is commercially available as a single kit 

but in two parts: elastomer base and curing agent 

(cross-linker). Mixing of these two parts results in 

a change in molecular structure and dielectric 

properties of PDMS. It is feasible to modify the 

dielectric properties of unblended PDMS without 

the need for expensive nanoparticles. By adding 

more of the cross-linker, the polymer chains get 

shorter and structurally affected. This study intends 

to explore the dielectric performance of unblended 

PDMS films for non-contact ECG sensing 

applications. 

2. MATERIALS AND METHODS  

The unblended PDMS dielectrics employed in 

this study were characterized by manual deposition 

outlined in our previous work [40]. The electrical 

characterization demonstrated PDMS films with 

dielectric performance well-suited for this study. 

We provided a schematic of the experimental 

procedures in Figure 2 and harnessed the PDMS 

dielectrics for non-contact ECG recording. 

 

Figure 2. Fabrication process of thin PDMS 

dielectric films [40] 

 

Energy-dispersive X-ray spectroscopy (EDX) 

was included in this study for elemental 

composition to confirm that the unblended PDMS 

has a characteristic chemical structure consisting 

of silicone, oxygen, and carbon. EDX analysis was 

employed to confirm the presence of these 

elements and their relative proportions. This 

verification step was essential to ensure the 

integrity of the PDMS films and rule out the 

presence of significant impurities that could 

influence PDMS dielectric properties and 

experimental results. Table 1 summarizes the 

weight-base scale determining each polymer mix 

ratio used in fabrication of the PDMS dielectrics of 

various thickness. 
 

Table 1. Preparation ratio of PDMS dielectrics 

Ratio 

Weight 

of Base 

(g) 

Weight of 

Crosslinker 

(g) 

Thickness of 

Dielectrics  

(mm) 

10:1 38.065 3.807 0.14; 0.28; 

0.42; 0.56; 

0.60 

10:1.5 27.190 4.079 

10:2 54.862 10.972 

 

2.1. Experimentation of PDMS Dielectrics and 

Recording of ECG   
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ECG data were acquired in three different 

modes; wet, dry, and capacitive using the 

OpenBCI 8-channel Cyton biosensing board 

designed for recording biopotential signals. The 

board offers a graphic user interface (GUI) tool for 

recording, visualizing, and streaming biopotential 

signals from it. Figure 3 illustrates the setup for 

non-contact ECG recording via fabric and PDMS 

dielectrics.  

In non-contact (capacitive) ECG recording, a 

dielectric which enables a high coupling 

capacitance is essential, as expressed in (1). As 

reported in [40], PDMS dielectrics of 0.14 mm 

thickness characterized from the polymer mix ratio 

of 10:2 yielded the highest coupling capacitance. 

Therefore, it was employed in this study. Next, we 

evaluated the ECG recorded by our proposed 

PDMS dielectrics compared with those obtained 

from fabric dielectrics and the standard Ambu 

Ag/AgCl whitesensors. The Ambu bioelectrodes 

used in this experiment are from Medico 

International Electrodes, Ltd, Denmark. Table 2 

provides the specifications of the bioelectrodes, 

and setup employed in the current work. 

Prior to ECG recording, no skin preparation was 

performed on the subject, a male of 42 years old. 

Furthermore, we separately conducted the 

experiments under dry and sweaty skin conditions 

to examine the influence skin exudates on ECG 

recordings.  

 
Figure 3. (a) ECG recording setup and (b) 

bioelectrodes (wet and customized flexible PCB)  

3. RESULTS AND DISCUSSION 

Here, we provide some experimental evaluation 

on performance of the proposed unblended PDMS 

dielectrics. Figure 4 shows samples of the PDMS 

fabricated from different polymer mix ratios. 

 

 
Figure 4.  Samples of PDMS films fabricated from 

weight mix ratio of silicone elastomer and its 

curing agent 

 

EDX elemental analysis performed on 

unblended PDMS films show similar surface 

morphology confirming absence of contaminants, 

as shown in Table 2.  
 

Table 2. Elemental percentage in unblended 

PDMS dielectric films 

PDMS 

Mix Ratio 

Carbo

n 

C (%) 

Silicon

e 

Si (%) 

Oxygen 

O (%) 

10:1 38.9 34.6 26.6 

10:1.5 38.2 34.3 27.6 
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10:2 39.3 31.3 29.4 

 

The elemental constituents of PDMS based on 

percentage weight (wt %) indicate a difference in 

quantity of silicon (Si), carbon (C), and oxygen 

(O).  Parvez, et al. [41] also reported comparable 

observations in their experiment. The EDX 

analysis shows that silicon is the dominant 

element, followed by oxygen then carbon. Besides, 

there are slight differences in the percentage 

concentration of elements as the proportion of the 

curing agent increases. However, this study is 

limited because the maximum PDMS mix ratio for 

which PDMS dielectric films can maintain 

flexibility was not ascertained. 

Next, Figure 5 shows the ECG signal recorded 

by the reticulated Ambu 4535M and the solid gel 

whitesensor 4300 bioelectrodes after filtering of 

artifacts and electrical interferences. Since both 

bioelectrodes use conductive gels, they generated a 

less noisy ECG with visible P-QRS-T peaks. 

Figure 5. ECG signals recorded with different 

bioelectrodes under dry skin condition. 
 

The study also examined the performance of the 

proposed unblended PDMS dielectrics for non-

contact ECG bioelectrodes and compared them 

with direct contact mode and fabric dielectric 

under dry and sweaty skin conditions. Figure 5 

displays the ECG recorded for dry and unprepared 

skin for direct contact and non-contact mode with 

fabric and unblended PDMS applied as the 

dielectrics.  

The appearance of the unprocessed (raw) ECG 

signals indicates the severe impact of the 

powerline interference on the biosignal recorded 

by the fabric and unblended PDMS dielectrics. The 

electrical noise picked up by bioelectrode cables 

can be seen raw ECG (Figure 5) but was 

attenuated. Although the ECG is of good quality, it 

exhibits low frequency noise resulting from the 

hardware recording device. 

 
Figure 6. Samples of ECG recorded with different 

bioelectrodes on sweaty skin condition. 

The appearance of the unprocessed (raw) ECG 

signals indicates the severe impact of the 

powerline interference on the biosignal recorded 

by the fabric and unblended PDMS dielectrics. The 
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electrical noise picked up by bioelectrode cables 

can be seen raw ECG (Figure 5) but was 

attenuated. Although the ECG is of good quality, it 

exhibits low frequency noise resulting from the 

hardware recording device. 

It has been demonstrated that sweat has a strong 

influence on skin impedance and alters the 

behavior of dielectric materials. Figure 6 shows the 

ECG recorded on sweaty skin. Human sweat (a 

weak electrolyte) can minimize skin impedance. 

Also, when absorbed by a porous material such as 

fabric, can affect its electrical and dielectric 

characteristics. Except for the wet ECG, the raw 

and filtered ECG recorded in direct contact mode 

and fabric dielectric showed less noise. Unlike the 

porous fabric dielectric, the ECG recorded by the 

non-porous PDMS dielectric revealed noisy 

biosignal with some baseline drift. Even after 

filtering, the ECG still contains low-frequency 

noise and baseline drift. As explained previously, 

PDMS dielectrics under certain conditions showed 

high skin impedance than fabric dielectrics due to 

their poor porosity.  

Also, the PR, QR, QT, and RR are vital ECG 

parameters that are used screening cardiac 

abnormalities. Table 3 presents the intervals 

acquired via the OpenBCI graphic user interface 

(GUI). 

 

 

Table 3. Comparison of ECG parameters recorded by the OpenBCI Cyton board 

ECG 

Mode 

Bioelectrode Skin Condition ECG Parameters 

Type Area 

cm
2
 

Gel Dry Sweaty 
PR 

ms 

QR 

ms 

QT 

ms 

RR 

ms 

Wet Ambu 

whitesensor 
0.79 

Yes - - 50.0 13.0 95.0 208.0 

 Yes - - 35.0 24.0 81.0 204.0 

Direct 

contact 
Flexible PCB 

31.50 

- Yes - 36.5 18.0 86.5 206.0 

Non-

contact 

PCB/Fabric - Yes - 33.5 29.5 98.5 206.0 

PCB/PDMS - Yes - 31.0 18.0 103.5 208.0 

Flexible PCB 

31.50 

- - Yes 40.0 23.0 81.0 162.0 

PCB/Fabric - - Yes 31.0 21.0 120.0 159.9 

PCB/PDMS -  - Yes 29.0 21.0 84.5 156.0 

There are clear disparities of duration for each 

ECG segment which could be attributed to the 

physiological condition of the subject, powerline 

noise, and the ECG recording system that was 

employed.  

4. CONCLUSION 

It is now proven that the dielectric performance 

of unblended PDMS films can be enhanced by 

varying polymer mix ratios. The proposed PDMS 

dielectrics showed comparable performance to 

fabric dielectrics. However, the non-porousness of 

the PDMS dielectrics creates a sweat layer that 

accumulates underneath the dielectric. This layer 

of sweat influences the coupling distance between 

the bioelectrode and skin. That said, the 

performance of the PDMS dielectric could be 

compensated by decreasing its thickness, using 

bioelectrode with better conductivity and a large 

contact area. 

Furthermore, this research has provided 

invaluable insights to enhance the performance of 

a biocompatible polymer dielectric for medical 

applications without the use of expensive 

enhancement techniques. This research showed 

that varying the concentration of the polymer 

crosslinker affects the morphology and dielectric 

performance of the unblended PDMS. 

Experimental results on ECG recordings also 

indicated that PDMS dielectrics fabricated from a 

high crosslinker ratio can perform comparably to 

fabric dielectrics. Nevertheless, the performance of 

the bioelectrode was strongly influenced by the 
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porosity of dielectric material, skin condition, type 

of bioelectrode, and contact area. 

Future work to improve on this new development 

is suggested exploring higher mix ratios of the 

silicone elastomer and its crosslinker as well as 

increasing the recording time for the ECG to 

examine the changes in the performance of PDMS 

dielectrics.   

Acknowledgements 

The authors would like to thank Universiti 

Teknologi Malaysia for supporting and funding 

this study under UTM Tier 2 grant vot. number 

R.J130000.2651.17J91. 

 

Conflict of Interest Declaration 

The authors declare no conflict of interest. 

 

References 
[1] G. Savarese and L. H. Lund, "Global Public 

Health Burden of Heart Failure," Cardiac 
Failure Review, vol. 03, no. 01, pp. 7-7, 2017. 
doi: 10.15420/cfr.2016:25:2. 

[2] World Health Organization. "Cardiovascular 
diseases (CVDs)." https://www.who.int/news-
room/fact-sheets/detail/cardiovascular-
diseases-(cvds) (accessed. 

[3] M. Martirosyan et al., "Remote monitoring of 
heart failure: benefits for therapeutic decision 
making," Expert Rev Cardiovasc Ther, vol. 15, 
no. 7, pp. 503-515, 2017. doi: 
10.1080/14779072.2017.1348229. 

[4] S. P. Karunathilake and G. U. Ganegoda, 
"Secondary Prevention of Cardiovascular 
Diseases and Application of Technology for 
Early Diagnosis," BioMed Research 
International, vol. 2018, pp. 1-9, 2018. doi: 
10.1155/2018/5767864. 

[5] W. B. Fye, "A history of the origin, evolution, 
and impact of electrocardiography," The 
American journal of cardiology, vol. 73, no. 
13, pp. 937-949, 1994. 

[6] A. Searle and L. Kirkup, "A direct comparison 
of wet, dry and insulating bioelectric recording 
electrodes," Physiological Measurement, vol. 
21, no. 2, pp. 271-283, 2000. doi: 
10.1088/0967-3334/21/2/307. 

[7] G. J. Janz and D. J. G. Ives, "SILVER, 
SILVER CHLORIDE ELECTRODES," 
Annals of the New York Academy of Sciences, 

vol. 148, no. 1, pp. 210-221, 1968. doi: 
https://doi.org/10.1111/j.1749-
6632.1968.tb20350.x. 

[8] F.-M. Melgarejo-Meseguer et al., "On the Beat 
Detection Performance in Long-Term ECG 
Monitoring Scenarios," Sensors, vol. 18, no. 5, 
p. 1387, 2018. [Online]. Available: 
https://www.mdpi.com/1424-8220/18/5/1387. 

[9] S. S. Lobodzinski and M. M. Laks, "New 
devices for very long-term ECG monitoring," 
Cardiology Journal, vol. 19, no. 2, pp. 210-
214, 2012. [Online]. Available: 
https://journals.viamedica.pl/cardiology_journ
al/article/view/23038. 

[10] P. Li et al., "High-Performance Personalized 
Heartbeat Classification Model for Long-Term 
ECG Signal," IEEE Transactions on 
Biomedical Engineering, vol. 64, no. 1, pp. 
78-86, 2017. doi: 
10.1109/TBME.2016.2539421. 

[11] P. Fergus et al., "Home-Based Health 
Monitoring and Measurement for Personalised 
Healthcare," Journal of Medical Imaging and 
Health Informatics, vol. 2, no. 1, pp. 35-43, 
2012. doi: 10.1166/jmihi.2012.1059. 

[12] FDA. "Classification-of-Products-as-Drugs-
and-Devices-and-Additional-Product-
Classification-Issues---Guidance-for-Industry-
and-FDA-Staff " US Food and Drug 
Aministration (FDA). 
https://www.fda.gov/regulatory-
information/search-fda-guidance-
documents/classification-products-drugs-and-
devices-and-additional-product-classification-
issues (accessed 26-06-2020, 2020). 

[13] W. J. O'Brien, "Dental materials and their 
selection," 2002. 

[14] N. K. Ernest and F. Dario, "Peripheral Nerves 
and Muscles," in The physiological 
measurement handbook, J. G. Webster Ed.: 
CRC Press, 2014, ch. 10, pp. 214-235. 

[15] R. F. Yazicioglu, C. Van Hoof, and R. Puers, 
Biopotential readout circuits for portable 
acquisition systems. Springer Science & 
Business Media, 2008. 

[16] P. C. Richardson, F. K. Coombs, and R. 
Adams, "Some new electrode techniques for 
long-term physiologic monitoring," Aerospace 
medicine, vol. 39, no. 7, p. 745, 1968. 

[17] A. Lopez and P. C. Richardson, "Capacitive 
electrocardiographic and bioelectric 
electrodes," IEEE Transactions on Biomedical 
Engineering, no. 1, pp. 99-99, 1969. 

[18] A. Potter and L. Menke, "Capacitive type of 
biomedical electrode," IEEE Transactions on 

https://www.who.int/news-room/fact-sheets/detail/cardiovascular-diseases-(cvds
https://www.who.int/news-room/fact-sheets/detail/cardiovascular-diseases-(cvds
https://www.who.int/news-room/fact-sheets/detail/cardiovascular-diseases-(cvds
https://doi.org/10.1111/j.1749-6632.1968.tb20350.x
https://doi.org/10.1111/j.1749-6632.1968.tb20350.x
https://www.mdpi.com/1424-8220/18/5/1387
https://journals.viamedica.pl/cardiology_journal/article/view/23038
https://journals.viamedica.pl/cardiology_journal/article/view/23038
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/classification-products-drugs-and-devices-and-additional-product-classification-issues
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/classification-products-drugs-and-devices-and-additional-product-classification-issues
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/classification-products-drugs-and-devices-and-additional-product-classification-issues
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/classification-products-drugs-and-devices-and-additional-product-classification-issues
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/classification-products-drugs-and-devices-and-additional-product-classification-issues


Haruna et al. 

Evaluating the Dielectric Performance of PDMS                                                           2024; 1(1): 120-128   
 

127 
 

Biomedical Engineering, no. 4, pp. 350-351, 
1970. 

[19] Y. Jiao, "23 - Measurement techniques of 
electrical properties for food quality 
evaluation," in Evaluation Technologies for 
Food Quality, J. Zhong and X. Wang Eds.: 
Woodhead Publishing, 2019, pp. 595-616. 

[20] S. Al Hadeethi et al., "Low-frequency 
Electrical Impedance Meat Measurements," 
Proceedings of the Romanian Academy. Series 
B, Chemistry, Life Sciences and Geosciences, 
vol. 20, no. 3, pp. 173-178, 2018. 

[21] P. Richardson, "The insulated electrode: A 
pasteless electrocardiographic technique," in 
20th Annual conference on engineering in 
medicine and biology, 1967, vol. 9, p. 15.7.  

[22] R. M. David and W. Portnoy, "Insulated 
electrocardiogram electrodes," Medical and 
biological engineering, vol. 10, pp. 742-751, 
1972. 

[23] G. H. A. Therese and P. V. Kamath, 
"Electrochemical Synthesis of Metal Oxides 
and Hydroxides," Chemistry of Materials, vol. 
12, no. 5, pp. 1195-1204, 2000. doi: 
10.1021/cm990447a. 

[24] P. D. Davidse and L. I. Maissel, "Dielectric 
Thin Films through rf Sputtering," Journal of 
Applied Physics, vol. 37, no. 2, pp. 574-579, 
1966. doi: 10.1063/1.1708218. 

[25] E. Spinelli and M. Haberman, "Insulating 
electrodes: a review on biopotential front ends 
for dielectric skin–electrode interfaces," 
Physiological Measurement, vol. 31, no. 10, 
pp. S183-S198, 2010. doi: 10.1088/0967-
3334/31/10/s03. 

[26] W. A. Pliskin, "Comparison of properties of 
dielectric films deposited by various 
methods," Journal of Vacuum Science and 
Technology, vol. 14, no. 5, pp. 1064-1081, 
1977. doi: 10.1116/1.569413. 

[27] C. L. Ng and M. B. I. Reaz, "Characterization 
of textile-insulated capacitive biosensors," 
Sensors, vol. 17, no. 3, p. 574, 2017. 

[28] A. Pantelopoulos and N. G. Bourbakis, "A 
survey on wearable sensor-based systems for 
health monitoring and prognosis," IEEE 
Transactions on Systems, Man, and 
Cybernetics, Part C (Applications and 
Reviews), vol. 40, no. 1, pp. 1-12, 2009. 

[29] S. F. Kabir et al., "Cellulose-based hydrogel 
materials: Chemistry, properties and their 
prospective applications," Progress in 
biomaterials, vol. 7, no. 3, pp. 153-174, 2018. 

[30] G. Maier, "Low dielectric constant polymers 
for microelectronics," Progress in polymer 

science, vol. 26, no. 1, pp. 3-65, 2001. 
[31] B. Guo, L. Glavas, and A.-C. Albertsson, 

"Biodegradable and electrically conducting 
polymers for biomedical applications," 
Progress in polymer science, vol. 38, no. 9, 
pp. 1263-1286, 2013. 

[32] Y. Liu, M. Pharr, and G. A. Salvatore, "Lab-
on-skin: a review of flexible and stretchable 
electronics for wearable health monitoring," 
ACS nano, vol. 11, no. 10, pp. 9614-9635, 
2017. 

[33] X. Y. Zhao and H. J. Liu, "Review of polymer 
materials with low dielectric constant," 
Polymer International, vol. 59, no. 5, pp. 597-
606, 2010. 

[34] X. He et al., "Flexible and transparent 
triboelectric nanogenerator based on high 
performance well-ordered porous PDMS 
dielectric film," Nano Research, vol. 9, no. 12, 
pp. 3714-3724, 2016. 

[35] B. Fan et al., "Achieving 
polydimethylsiloxane/carbon nanotube 
(PDMS/CNT) composites with extremely low 
dielectric loss and adjustable dielectric 
constant by sandwich structure," Applied 
Physics Letters, vol. 112, no. 5, p. 052902, 
2018. 

[36] C. Nawanil et al., "Electrical and dielectric 
properties of barium titanate–
polydimethylsiloxane nanocomposite with 0-3 
connectivity modified with carbon nanotube 
(CNT)," Integrated Ferroelectrics, vol. 195, 
no. 1, pp. 46-57, 2019. 

[37] M. Basu et al., "Development of graphene 
oxide–PDMS composite dielectric for rapid 
droplet movement in digital microfluidic 
applications," Chemical Engineering Science, 
vol. 230, p. 116175, 2021. 

[38] Y. Liu et al., "A Flexible Capacitive 3D Tactile 
Sensor With Cross-Shaped Capacitor Plate 
Pair and Composite Structure Dielectric," 
IEEE Sensors Journal, vol. 21, no. 2, pp. 
1378-1385, 2020. 

[39] I. M. Zambri et al., "Fabrication and 
characterization of multi-walled carbon 
nanotube for conductive polymer composite," 
in AIP Conference Proceedings, 2020, vol. 
2306, no. 1: AIP Publishing LLC, p. 020012.  

[40] A. H. Umar, F. K. C. Harun, and Y. Yusof, 
"Characterization of Polydimethylsiloxane 
Dielectric Films for Capacitive ECG 
Bioelectrodes," in 2020 7th International 
Conference on Electrical Engineering, 
Computer Sciences and Informatics (EECSI), 
1-2 Oct. 2020 2020, pp. 127-131, doi: 



Haruna et al. 

Evaluating the Dielectric Performance of PDMS                                                           2024; 1(1): 120-128                        
 

128 
 

10.23919/EECSI50503.2020.9251882.  
[41] A. N. Parvez et al., "Optimization of 

triboelectric energy harvesting from falling 
water droplet onto wrinkled 
polydimethylsiloxane-reduced graphene oxide 

nanocomposite surface," Composites Part B: 
Engineering, vol. 174, p. 106923, 2019. doi: 
https://doi.org/10.1016/j.compositesb.2019.10
6923. 

 

 

https://doi.org/10.1016/j.compositesb.2019.106923
https://doi.org/10.1016/j.compositesb.2019.106923

