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Abstract: Flexible pressure sensors have attracted tremendous attention from researchers for their
widely applications in tactile artificial intelligence, electric skin, disease diagnosis, and healthcare
monitoring. Obtaining flexible pressure sensors with high sensitivity in a low cost and convenient way
remains a huge challenge. In this paper, the composite dielectric layer based on the mixture of carbon
nanotubes (CNTs) with different aspect ratios and polydimethylsiloxane (PDMS) was employed in
flexible capacitive pressure sensor to increase its sensitivity. In addition, the screen printing instead of
traditional etching based methods was used to prepare the electrodes array of the sensor. The results
showed that the aspect ratio and weight fraction of the CNTs play an important role in improving
the sensitivity of the printed capacitive pressure sensor. The prepared capacitive sensor with the
CNTs/PDMS composite dielectric layer demonstrated a maximum sensitivity of 2.9 kPa~! in the
pressure range of 0—450 Pa, by using the CNTs with an aspect ratio of 1250-3750 and the weight
fraction of 3.75%. The mechanism study revealed that the increase of the sensitivity of the pressure
sensor should be attributed to the relative permittivity increase of the composite dielectric layer under
pressure. Meanwhile, the printed 3 X 3 and 10 X 10 sensor arrays showed excellent spatial resolution
and uniformity when they were applied to measure the pressure distribution. For further applications,
the flexible pressure sensor was integrated on an adhesive bandage to detect the finger bending,
as well as used to create Morse code by knocking the sensor to change their capacitance curves.
The printed and flexible pressure sensor in this study might be a good candidate for the development
of tactile artificial intelligence, intelligent medical diagnosis systems and wearable electronics.

Keywords: capacitive pressure sensor; composite dielectric; printed and flexible sensor; carbon
nanotubes; percolation theory

1. Introduction

Recently, flexible pressure sensors have attracted widely attentions in the area of mobile
bio-monitoring of disease diagnosis, tactile artificial intelligence, electric skin and healthcare services
because of their real-time, convenient, and wearable features [1-7]. Among different types of flexible
pressure sensors, the capacitive sensor owning the advantages of low energy consumption, fast response
time, low detection limit and good sensing stability is the research hot topic in recent years [8,9].
Remarkable efforts have been made to improve the sensitivity of flexible capacitive sensors. According
to the definition of the sensor’s sensitivity (o) (Formula 1), it could be deduced that the sensitivity
improvement could be mainly realized by two ways. Increase the distance change between two
electrodes (dp/d) and the relative permittivity change of the dielectric layer (e;/e,) under pressure.
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It should be noticed that the electrode area (A/A) of the sensor is usually unchanged when the vertical
pressure is applied.
(C-Cp) do & A

G dEe0 Ay
= = 1
o P P )

In Formula 1, P is the applied pressure, Cy, dy, €0 and Ay are the capacitance, distance between
electrodes, relative permittivity of the dielectric layer and the electrode area of the sensor without
pressure respectively, C, d, ¢, and A are those parameters corresponding to the under pressure
condition of sensor.

In the first route, the microstructures in electrodes and dielectric layers of the sensor were
usually constructed to increase the electrodes distance change (do/d) under pressure. For instance,
Benjamin et al. [10] utilized the pyramidal microstructures in the dielectric layer to improve the sensitivity
of the sensor and investigated the effects of the shape parameters and spacing on the sensor’s performance.
Li et al. [11] used the bionic microstructures in the sensor electrodes which were duplicated from the lotus
surface to obtain the sensitivity of 0.815 kPa~! and fast response time of 38 ms. Lee et al. [12] reported the
flexible capacitive sensor with porous dielectric layer of polydimethylsiloxane (PDMS), which showed
a relatively high sensitivity of 1.18 kPa~! in the low pressure range. However, such pressure sensors always

exhibit complex fabrication process and have difficulties in controlling the uniformity of microstructures.
In addition, the deformation of the microstructures tends to get saturation when the pressure increases,
resulting in the high sensitivity of the flexile sensor could only remain in a relatively narrow and low
pressure range, usually under 2 kPa [13,14].

On the other hand, the increase of the relative permittivity of the dielectric layer under pressure
(er/€r0) could also contribute to the improvement of the sensitivity (shown in Formula 1). However,
this strategy is always ignored by researchers and lacks systemic study right now. Few works were
reported that by adding the conductive filler into the polymer base to form composite dielectrics could
increase their relative permittivity changes under pressure. For instance, Fang et al. [15] prepared the
capacitive sensor by employing nickel-silicone rubber composite as the dielectric layer, which showed
extreme high sensitivity of 460 kPa~!. Shi et al. [16] used the silver nanowires/PDMS composite
as the dielectric layer of capacitive flexible sensor, which showed a sensitivity of 0.831 kPa~! and
a relatively low detect pressure of 1.4 Pa. Meanwhile, the carbon nanotubes (CNTs) were also used as
the conductive filler to form the composite dielectrics. Jang et al. [14] revealed that the flexible sensor
with alkylamine-functionalized multi-walled CNTs/PDMS composites dielectric layer demonstrated
1.8-fold increased capacitance change compared to its corresponding one with pure PDMS as a dielectric
layer under the same pressure. Yoon et al. [17] prepared multifunctional capacitive sensor by also using
CNTs/PDMS composite as dielectric layer, which were capable of pressure and temperature bimodal
sensing performance. Although CNTs/polymer composites have been widely used in piezoresistive
pressure sensor as the active layer [18-20], to our knowledge, their utilization as the dielectric layer in
capacitive sensor is still limited. Furthermore, the mechanism of the sensitivity improvement by using
the CNTs/polymer composite dielectric layer in the capacitive flexible sensor as well as the effects of
the CNTs morphology on the relative permittivity change of the composite dielectric under pressure
were not clearly yet.

In this paper, the flexible capacitive pressure sensor with CNTs/PDMS composite dielectric layer
was prepared by screen printing method. The effects of the aspect ratios of the CNTs as well as their
weight fraction and dispersion in the PDMS base to the relative permittivity change of composite
dielectric were investigated. Furthermore, the sense mechanism of the prepared sensor was also
studied to reveal the role of the composite dielectric played in the capacitive pressure sensor. Finally,
the printed flexible pressure sensors were used to measure finger bending, pressure distribution and
create the Morse code.
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2. Materials and Methods

2.1 Materials

2.1. Materials
CNTs with different aspect ratios were purchased from Chengdu Institute of Organic Chemistry,
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THI]gﬂa?l%l%{ilﬂ)&?@‘éﬁH%E%Eiﬂﬂép&%hgﬁ&s@hﬁq%‘){rfaCe modification agent to silicon wafer was
purchased from TCI Shanghai Development Co., Ltd (Shanghai, China).

Table 1. The parameters of the carbon nanotubes (CNTs) conductive fillers.
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Figure 1. The schemvatic dingienm o e falbiicalion of e flexible capacitive pressure Sensor:

2.3 Preparation of the Capacitive Flexible Pressure Sensors

Pyramid-shaped microstructures of CNTs/PDMS dielectric layer was employed to improve the
sensitivity of the flexible sensor. First, the silicon wafer with the pyramidal microstructure, having a
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2.3. Preparation of the Capacitive Flexible Pressure Sensors

Micro¥iagrshapesbrisiasmeies of CNTs/PDMS dielectric layer was employed to improvg the
sensitivity of the flexible sensor. First, the silicon wafer with the pyramidal microstructure, having a base
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Figure 2. The schematic diagram for the piezo-capacitive effect experimental setup.
Figure 2. The schematic diagram for the piezo-capacitive effect experimental setup.

3. Results and Discussion
3. Results and Discussion
3.1. Dielectric Property of CNIs/PDMS Composite

31 Dﬁgllfec FERAREH rgc %%Prgﬁa/{% QuiBeRYe permittivities of the CNTs/PDMS composites at the
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with the aspect ratio of 200-600 slightly increases to 6.6 when the mass fraction of CNTs reaches at 6
wt.%, which is 2.75 times to that of pure PDMS (shown in Table 2). While for both the CNTs fillers with
the aspect ratios of 500-3000 and 1250-3750, their mass fraction related relative permittivity curves
show an obvious increase when the CNTs mass fractions reach a certain values. For the CNTs filler with
the aspect ratio of 500-3000, the relative permittivity of the composite sharply increases at the CNTs
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at 6 wt.%, which is 2.75 times to that of pure PDMS (shown in Table 2). While for both the CNTs
fillers with the aspect ratios of 500-3000 and 1250-3750, their mass fraction related relative permittivity
QIS ShovesR abvipuR rgieass/wien the CNTs mass fractions reach a certain values. For the Gl
filler with the aspect ratio of 500-3000, the relative permittivity of the composite sharply increases
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ENEepethtionspdobBE50f dRaed B0 8Xedts%y TESGNTS, ddreotNbks dispeosdet wistbénsedeb WEINIS
the& IS hdseashdisiissadtididaggsegdn this paper.
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Table 2. The relative permittivities of the CNTs/ PDMS composites with different aspect ratios CNTs as
Jiable 2-dhee felatiserpaumittivities of the CNTs/ PDMS composites with different aspect ratios CNTs

as filler at certain mass fraction
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Increased times to pure

134.7 2.
The resuppinBigure 3 and Table 2 s/how that tﬁe relatlve3 perm1tt1v1t(g76of the QKITS/PD]MS comp051te

1s strongly depended on the aspect ratio and mass fraction of the CNTs fillers. The relative high aspect
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enghtincreasings Mrarsy hilsudhe grovahtate géiher Rl v DG iyity speesis eRpoheRt tRsristide
MassHRRBAD fonmuRPpranchemtbvanseslrtionihseshel dohapob e FORROMS ermpositas. thdeas
filler weight fraction (fents) increasing. Meanwhile, the growth rate of the relative permittivity speeds
up when the CNTs mass fraction (fcnts) approaches the percolation threshold (fc) of the CNTs/PDMS
composites. It is clear that the tendency of the mass dependent relative permittivity curves of the
CNTs/PDMS composites in Figure 3 accords with the percolation theory well.

&r o« & ppms(fe — fonrs) s o = fons 2

To further 1nvest1gate the morphology and dlspersmn of the CNTs in PDMS base, the Cross-
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that the tendency of the mass dependent relative permittivity curves of the CNTs/PDMS composites in
Figure 3 accords with the percolation theory well.

er o & ppms (fe — fonts) ™, fe = fonms )

MicromRfptheisnyestigate the morphelogy and dispersion of the CN'Ts in PDMS base, the cross-sectiopad
views of the CNTs/PDMS composites using CNTs with aspect ratio of 1250-3750 as filler in different
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increasing could further enhance the electron mobility and iinterface polarization, resulting in the

improvement of the relative pemmitfiwitiy [27]].
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Prensire s gé‘gi inder preseure, vhich 155485 imes enhanced For tha R fiflers With the aspect
ratios of 500-3000 and 200-600 respectively (Figure 5b,c), the maximum relative permittivity
enhancements of their corresponding composites are both at the CNTs mass fraction of 6 wt.%. And
their relative permittivities under pressure increased 5.17 and 1.09 times respectively compared to those
of without pressure (shown in Table 3). The relative permittivity enhancement of the CNTs/PDMS
composites under pressure should be mainly attributed to two reasons. First, the CNTs/PDMS
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with the aspect ratios of 500-3000 and 200-600 respectively (Figure 5b,c), the maximum relative
permittivity enhancements of their corresponding composites are both at the CNTs mass fraction of
6 wt.%. And their relative permittivities under pressure increased 5.17 and 1.09 times respectively
compared to those of without pressure (shown in Table 3). The relative permittivity enhancement
of the CNTs/PDMS composites under pressure should be mainly attributed to two reasons. First,
the CNTs/PDMS composite film is compressed when pressure is applied. The compressed composite

ives rise 10 A SORCHBIAOR HcHeRse of the CNTs fillers in the vertical direction. As confirmed.in

icromacnines
Section 3.1, the relative permittivity of the composite increases as the concentration of CNTs fillers
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h@@ﬁé&@ﬂ&gq@ip@mﬂﬁﬂ@@@%@@%ﬁlﬁ@@ PRIty enhancement under pressure [27].

Figure 3. Mass dradtion ralated relative parmitiivity of the composiies bassd on ENS filler with
different aspeet ratios with and Willhowt pressue, (@) H2Eb-373D, () Zub-38D, (@) 28b-058b.

Table 3. The relative permittivities of the CNTs/PDMS composites with different aspect ratios CNTs

Fable 3..The relative oﬂ%%nrlétstslﬁ}tées of the CNTs/PDMS composites with different aspect ratios CNTs

fillers with and without pressure.
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3.3. Effect of the CNT5/PDMS Composite Dielectric on the Performance of Capacitive Flexible Pressure Sensor

3.3 Effect of the CNTs/PDMS Composite Dielectric on the Performance of Capacitive Flexible Pressure
ensaigure 6 shows change in capacitance AC/C versus applied pressure for the flexible sensors with

CNTs/PDMS composite dielectric layer. The slopes of the curves which are numerically equal to the
sensikigiyedf thevprahangesthsapaafanc A fedveTius appiiedipeessnid fofl sRivllexilssenbase v sh
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3750 and weight fraction of 3.5 wt.% as the fillers is chosen as the dielectric layer of the printed sensors
to demonstrate their applications in the following.
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bending angles. As shown in Figure 8a, the capacitance of the flexible sensor decreases from 62 pF
to 30 pF as the bending angle from 30° to 180° with a relatively good linear characteristic. Figure 8b
shows the capacitance change C-Cy of the repeating finger bending movement.
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Finally, the prepared flexible pressure sensor was used as a demonstrator to create Mores code. As
shown in Figure 9, the time depended capacitance curve is formed to different “dots” and “dashes” by
knocking the sensor with finger, which correspond to the letters of “BIGC” in Mores code. The sharp
cut edge of the capacitance curve indicates that the prepared flexible sensor has an ultra-fast response
time and relatively high stability.
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Figure 9. Time dependent capacitance of the prepared flexible sensor by knocking the sensor with finger
to create Morse code. The word of “BIGC” which means Beijing Institute of Graphic Communication
was yielded by converting the capacitance curve wave into Morse code.

4. Conclusions

In conclusion, the CNTs/PDMS composite dielectric layer was prepared to improve the sensitivity
of printed and flexible pressure sensor. The results showed that the CNTs filler with a relatively
high aspect ratio in certain degree could be a better candidate for the flexible capacitive pressure
sensor compared to the corresponding CNTs with low aspect ratio. For composite film based on
3.75 wt.% CNTs with the aspect ratio of 1250-3750, the relative permittivity increases to 198.92 under
pressure of 35 kPa, which is 14.95 times enhanced to that of without pressure. This is a significant
contribution to increase the sensitivity of the flexible capacitive sensor. In results, the pressure sensor
using pyramid-structural CNTs /PDMS composite dielectric layer possesses sensitivity of 2.90 kPa™!
in the range of 0-450 Pa and 1.87 kPa™! in the range of 450-850Pa. The printed 3 x 3 and 10 x
10 capacitive pressure sensor array were successfully prepared and applied to measure pressure
distribution. Meanwhile, the printed flexible sensors were also used to detect the finger bending and
create Morse code. This research demonstrates that the sensors with microstructural CNTs/PDMS
composite dielectric layer have great potential applications for healthcare monitoring, e-skins and
human—computer interaction.

Author Contributions: Z.G. carried out the experiment and prepared the manuscript. L.M. conceived the study,
revised the manuscript, and supervised the work. All authors prepared and reviewed the manuscript.

Funding: This research was funded by 2018 Beijing Municipal Commission of Education project (KM201810015004),
Beijing Municipal Commission of Education 2011 Collaborative Innovation Centre, 2018 Beijing university talents
cross training plan (Shipei plan), 2017 Beijing Municipal Commission of Education Outstanding young scholars
(CIT&TCD201704051).

Conflicts of Interest: The authors declare no conflict of interest.

Abbreviations

CNTs Carbon nanotubes

PDMS Polydimethylsiloxane

PET Polyethylene terephthalate
References

1.  Lam Po Tang, S. Recent developments in flexible wearable electronics for monitoring applications. Trans. Inst.
Meas. Control 2007, 29, 283-300. [CrossRef]

2. Wang, X;; Liu, Z; Zhang, T. Flexible Sensing Electronics for Wearable/Attachable Health Monitoring. Small
2017, 13, 1602790. [CrossRef] [PubMed]


http://dx.doi.org/10.1177/0142331207070389
http://dx.doi.org/10.1002/smll.201602790
http://www.ncbi.nlm.nih.gov/pubmed/28306196

Micromachines 2019, 10, 715 11 of 12

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Li, H.; Ding, G.; Yang, Z. A High Sensitive Flexible Pressure Sensor Designed by Silver Nanowires Embedded
in Polyimide (AgNW-PI). Micromachines (Basel) 2019, 10, 206. [CrossRef] [PubMed]

Yao, S.; Zhu, Y. Wearable multifunctional sensors using printed stretchable conductors made of silver
nanowires. Nanoscale 2014, 6, 2345-2352. [CrossRef] [PubMed]

Zhang, X.; Chai, R.; Wang, H.; Ye, X. A Plantar Pressure Sensing System with Balancing Sensitivity Based on
Tailored MWCNTs/PDMS Composites. Micromachines (Basel) 2018, 9, 466. [CrossRef] [PubMed]

Wang, X.; Gu, Y,; Xiong, Z.; Cui, Z.; Zhang, T. Silk-molded flexible, ultrasensitive, and highly stable electronic
skin for monitoring human physiological signals. Adv. Mater. 2014, 26, 1336-1342. [CrossRef]

Inoue, N.; Koya, Y.; Miki, N.; Onoe, H. Graphene-Based Wireless Tube-Shaped Pressure Sensor for In Vivo
Blood Pressure Monitoring. Micromachines (Basel) 2019, 10, 139. [CrossRef]

Pruvost, M.; Smit, W.J.; Monteux, C.; Poulin, P; Colin, A. Polymeric foams for flexible and highly sensitive
low-pressure capacitive sensors. NPJ Flex. Electron. 2019, 3, 7. [CrossRef]

Cho, S.H.; Lee, SW,; Yu, S.; Kim, H.; Chang, S.; Kang, D.; Hwang, I.; Kang, H.S.; Jeong, B.; Kim, E.H.; et al.
Micropatterned Pyramidal Ionic Gels for Sensing Broad-Range Pressures with High Sensitivity. ACS Appl.
Mater. Interfaces 2017, 9, 10128-10135. [CrossRef]

Tee, B.C.K,; Chortos, A.; Dunn, R.R.; Schwartz, G.; Eason, E.; Bao, Z. Tunable Flexible Pressure Sensors using
Microstructured Elastomer Geometries for Intuitive Electronics. Adv. Funct. Mater. 2014, 24, 5427-5434.
[CrossRef]

Li, T.; Luo, H.; Qin, L.; Wang, X.; Xiong, Z.; Ding, H.; Gu, Y,; Liu, Z.; Zhang, T. Flexible Capacitive Tactile
Sensor Based on Micropatterned Dielectric Layer. Small 2016, 12, 5042-5048. [CrossRef]

Lee, B.-Y,; Kim, J.; Kim, H.; Kim, C.; Lee, S.-D. Low-cost flexible pressure sensor based on dielectric elastomer
film with micro-pores. Sens. Actuat. A Phys. 2016, 240, 103-109. [CrossRef]

Pyo, S.; Lee, ].-1; Kim, M.-O.; Chung, T; Oh, Y,; Lim, S.-C.; Park, J.; Kim, J. Development of a flexible three-axis
tactile sensor based on screen-printed carbon nanotube-polymer composite. J. Micromech. Microeng. 2014, 24,
075012. [CrossRef]

Jang, H.; Yoon, H.; Ko, Y.; Choi, J.; Lee, S.S.; Jeon, L; Kim, J.H.; Kim, H. Enhanced performance in capacitive
force sensors using carbon nanotube/polydimethylsiloxane nanocomposites with high dielectric properties.
Nanoscale 2016, 8, 5667-5675. [CrossRef] [PubMed]

Fan, Y.; Liao, C.; Xie, L.; Chen, X. Piezo-capacitive behavior of a magnetically structured particle-based
conductive polymer with high sensitivity and a wide working range. J. Mater. Chem. C 2018, 6, 5401-5411.
[CrossRef]

Shi, R.; Lou, Z.; Chen, S.; Shen, G. Flexible and transparent capacitive pressure sensor with patterned
microstructured composite rubber dielectric for wearable touch keyboard application. Sci. China Mater. 2018,
61, 1587-1595. [CrossRef]

Yoon, S.G.; Chang, S.T. Microfluidic capacitive sensors with ionic liquid electrodes and CNT/PDMS
nanocomposites for simultaneous sensing of pressure and temperature. J. Mater. Chem. C 2017, 5, 1910-1919.
[CrossRef]

Lipomi, D.J.; Vosgueritchian, M.; Tee, B.C.; Hellstrom, S.L.; Lee, ].A.; Fox, C.H.; Bao, Z. Skin-like pressure
and strain sensors based on transparent elastic films of carbon nanotubes. Nat. Nanotechnol. 2011, 6, 788.
[CrossRef]

Pan, J.; Liu, S.; Yang, Y.; Lu, J. A highly sensitive resistive pressure sensor based on a carbon nanotube-liquid
crystal-PDMS composite. Nanomaterials 2018, 8, 413. [CrossRef]

Shi, J.; Li, X.; Cheng, H.; Liu, Z.; Zhao, L.; Yang, T.; Dai, Z.; Cheng, Z.; Shi, E.; Yang, L.; et al. Graphene
Reinforced Carbon Nanotube Networks for Wearable Strain Sensors. Adv. Funct. Mater. 2016, 26, 2078-2084.
[CrossRef]

Li, J.; Ma, P.C.; Chow, W.S,; To, CK,; Tang, B.Z.; Kim, J.K. Correlations between Percolation Threshold,
Dispersion State, and Aspect Ratio of Carbon Nanotubes. Adv. Funct. Mater. 2007, 17, 3207-3215. [CrossRef]
Shehzad, K.; Dang, Z.-M.; Ahmad, M.N.; Sagar, R.U.R.; Butt, S.; Farooq, M.U.; Wang, T.-B. Effects of
carbon nanotubes aspect ratio on the qualitative and quantitative aspects of frequency response of electrical
conductivity and dielectric permittivity in the carbon nanotube/polymer composites. Carbon 2013, 54,
105-112. [CrossRef]


http://dx.doi.org/10.3390/mi10030206
http://www.ncbi.nlm.nih.gov/pubmed/30909638
http://dx.doi.org/10.1039/c3nr05496a
http://www.ncbi.nlm.nih.gov/pubmed/24424201
http://dx.doi.org/10.3390/mi9090466
http://www.ncbi.nlm.nih.gov/pubmed/30424399
http://dx.doi.org/10.1002/adma.201304248
http://dx.doi.org/10.3390/mi10020139
http://dx.doi.org/10.1038/s41528-019-0052-6
http://dx.doi.org/10.1021/acsami.7b00398
http://dx.doi.org/10.1002/adfm.201400712
http://dx.doi.org/10.1002/smll.201600760
http://dx.doi.org/10.1016/j.sna.2016.01.037
http://dx.doi.org/10.1088/0960-1317/24/7/075012
http://dx.doi.org/10.1039/C5NR07958F
http://www.ncbi.nlm.nih.gov/pubmed/26899884
http://dx.doi.org/10.1039/C8TC00302E
http://dx.doi.org/10.1007/s40843-018-9267-3
http://dx.doi.org/10.1039/C6TC03994D
http://dx.doi.org/10.1038/nnano.2011.184
http://dx.doi.org/10.3390/nano8060413
http://dx.doi.org/10.1002/adfm.201504804
http://dx.doi.org/10.1002/adfm.200700065
http://dx.doi.org/10.1016/j.carbon.2012.10.068

Micromachines 2019, 10, 715 12 of 12

23.

24.

25.

26.

27.

28.

29.

30.

Musto, P; Russo, P; Cimino, F; Acierno, D.; Lupo, G.; Petrarca, C. Dielectric behavior of biopolymer based
composites containing multi wall carbon nanotubes: Effect of filler content and aspect ratio. Eur. Polym. .
2015, 64, 170-178. [CrossRef]

Mo, L.X,; Guo, Z.X.; Wang, Z.G.; Yang, L.; Fang, Y,; Xin, Z.Q.; Li, X.; Chen, Y.J.; Cao, M.].; Zhang, Q.Q.; et al.
Nano-Silver Ink of High Conductivity and Low Sintering Temperature for Paper Electronics. Nanoscale Res.
Lett. 2019, 14, 11. [CrossRef]

Bergman, D.J.; Imry, Y. Critical Behavior of the Complex Dielectric Constant near the Percolation Threshold
of a Heterogeneous Material. Phys. Rev. Lett. 1977, 39, 1222-1225. [CrossRef]

Xu, B; Yang, H.; Dai, K,; Liu, X;; Zhang, L; Wang, M.; Niu, M.; Duan, R; Wang, X.; Chen, J.
Thermo-compression-aligned functional graphene showing anisotropic response to in-plane stretching and
out-of-plane bending. J. Mater. Sci. 2018, 53, 6574-6585. [CrossRef]

Wang, J.; Jiu, J.; Nogi, M.; Sugahara, T.; Nagao, S.; Koga, H.; He, P.; Suganuma, K. A highly sensitive and
flexible pressure sensor with electrodes and elastomeric interlayer containing silver nanowires. Nanoscale
2015, 7, 2926-2932. [CrossRef]

Wen, Z.; Yang, ].; Ding, H.; Zhang, W.; Wu, D.; Xu, J.; Shi, Z.; Xu, T.; Tian, Y.; Li, X. Ultra-highly sensitive,
low hysteretic and flexible pressure sensor based on porous MWCNTs/Ecoflex elastomer composites. ]. Mater.
Sci Mater. Electron. 2018, 29, 20978-20983. [CrossRef]

Kim, J.; Nga Ng, T.; Soo Kim, W. Highly sensitive tactile sensors integrated with organic transistors.
Appl. Phy. Lett. 2012, 101, 103308. [CrossRef]

Chen, Y.S.; Hsieh, G.W.; Chen, S.P;; Tseng, P.Y.; Wang, C.W. Zinc oxide nanowire-poly(methyl methacrylate)
dielectric layers for polymer capacitive pressure sensors. ACS Appl. Mater. Interfaces 2015, 7, 45-50. [CrossRef]

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1016/j.eurpolymj.2015.01.010
http://dx.doi.org/10.1186/s11671-019-3011-1
http://dx.doi.org/10.1103/PhysRevLett.39.1222
http://dx.doi.org/10.1007/s10853-018-2021-1
http://dx.doi.org/10.1039/C4NR06494A
http://dx.doi.org/10.1007/s10854-018-0242-3
http://dx.doi.org/10.1063/1.4751354
http://dx.doi.org/10.1021/am505880f
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Materials 
	Preparation of theCNTs/PDMS Composites 
	Preparation of the Capacitive Flexible Pressure Sensors 
	Characterization 

	Results and Discussion 
	Dielectric Property of CNTs/PDMS Composite 
	CNTs/PDMS Composite Under Pressure 
	Effect of the CNTs/PDMS Composite Dielectric on the Performance of Capacitive Flexible Pressure Sensor 
	Applications of the Printed and Flexible Pressure Sensor 

	Conclusions 
	References

