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Abstract: This paper proposed a flexible pressure sensor based on poly(dimethylsiloxane) 

nanostructures film and report an efficient, simple, and low-cost fabrication strategy via soft 

nanoimprint lithography. The pressure sensor can convert external pressure or mechanical 

deformation into electrical signal to detect pressure and strain changes based on the coupling of 

triboelectrification and electrostatic induction. To enhance the performance of the pressure sensor, 

it consists of sub-500 nm resolution on the surface of elastic poly(dimethylsiloxane) sensitive layer 

and an indium tin oxide electrode thin film. When the pressure applied on the nanostructures layer, 

triboelectrostatic charges are induced. In the experiment, it measures up to sensitivity of 0.8 V/kPa 

at frequency of 5 Hz. This study results in potential applications such as wearable smart devices 

and skin-attachable diagnostics sensing systems. 
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triboelectrostatic charges. 
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1. Introduction 

As the key of flexible electronic devices, 

flexible sensing devices can transducer physical or 

environmental stimuli into detectable electrical 

signals, which have attracted increasing attention due 

to their great potential applications in displays, 

robotics, advanced therapies, and energy harvesting 

devices [1-5]. In particular, flexible sensing devices 

can be wearable on human body or clothing to 

continuously monitor body signals, such as 

temperature, pulse, heart rate, motions, and 

respiration [6-8]. To obtain various functions, 

wearable flexible sensors should have some special 

characteristics, for example, good flexibility, 

desirable stretch ability, biocompatibility, good 

stability, and high sensitivity [9-11].  

Pressure is ubiquitous in the nature and human 

body, so flexible pressure sensors can be used to 

detect low and medium pressure (1-100 kPa) to track 

human activity and monitor personal health [12-14]. 

Typically, flexible pressure sensors consist of active 

pressure or strain sensing components, flexible 

substrates, and conductive electrodes. Generally, 

elastic polymers, such as poly(dimethlsiloxane) 

(PDMS), polyethylene terephthalate (PET), 

polyimide (PI), and rubber, are commonly used as 

the flexible substrates. Due to the good flexibility, 

strechability, stability, and biocompatibility, PDMS 

is the best choice. The suitable active sensing 

components materials play an important role in 

fabricating sensors with good performance, which 

include carbon nanotubes (CNTs), graphene, carbon 

black, conductive polymers, and nanostructures 

(nanoparticles, nanowires, nanograting). In some 

conditions, the flexible substrates and active 

components will be integrated into one layer [15-18].  

Based on wording mechanism, the flexible 

pressure sensors can be classified into capacitive-

type [19,20], piezoelectricity-type [21,22], and 

piezoresistive-type sensors [23,24], which can convert 

pressure signals into resistance, voltage, or current 

changes with advantages of simple sensing process, 

easy read-out system, and large detection range. 

However, the sensitivity, limit of detection, detection 

range, response time, stability, reliability, and 

complicated and high cost fabrication process are 

still a challenge for flexible wearable sensing 

systems.  

In 2006, Z. L. Wang et al. proposed triboelectric 

nanogenerator (TENG) based on couple effects of 

electrification and electrostatic induction, which can  
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achieve remarkable electric output under the external 

mechanical pressure at low cost and relatively simple 

structure [25-28]. The related researches about TENG 

with good performance of energy harvesting, 

electrical properties, high power density, and rapid 

response are conducted, which has potential 

applications in high sensitivity and self-powered 

sensing systems.  

Here, we have constructed a flexible PDMS 

pressure sensor based on TENG, in which the PDMS 

nanostructures thin film serve as the triboelectric 

layer to fabricate high sensitivity and self-powered 

wearable sensors. A simple and low-cost fabrication 

method for PDMS nanostructures film based on soft 

nanoimprint lithography is developed. When the 

pressure in applied on the nanostructures layer, 

triboelectrostatic charges are induced. The 

experimental measurement of the electrical 

performance of TENG sensors is up to sensitivity of 

0.8 V/kPa at frequency of 5 Hz. This study results 

provide an approach for self-powered sensing, with 

potential applications in military surveillance, 

artificial intelligence, health care. 

2. Experimental Details 

Figure 1 illustrates the scheme mechanism of 

the flexible TENG senor based on couple of 

electrification and electrostatic induction. The 

principle is based on single-electrode based TENG 

that is more practical and feasible design for some 

applications such as wearable and finger-tip-driven 

TENG [29-31]. Two kinds of polymers have distinctly 

different triboelectric characteristics with one easy to 

gain electrons and the other one easy to lose 

electrons. By contacting the skin or cloth with the 

PDMS triboelectric layer, two insulating materials 

are touched and rubbed with each other when 

deformed by an external mechanical deformation. 

Therefore, triboelectric charges with opposite signs 

are generated and distributed on the PDMS surface. 

When the deformation starts to be released, the 

opposite charges are separated with an air gap and 

form dipole moment. Electrons are injected from 

skin or cloth to the PDMS surface, leading to 

establish an electric potential difference between the 

flexible PDMS surface and electrode. To achieve 

equilibrium, electron flow from the electrode with 

lower potential to ground, resulting in accumulation 

of electrostatically inducted positive charges on the 

electrode. When the deformation is then reapplied 

and the two materials surfaces are again contact, the 

dipole moment disappears or reduced in magnitude. 

Thus, the reduced electric potential difference leads 

to the electrons to flow from ground to the electrode 

in the opposite direction, and the accumulated 

induced charges vanish. With repeated bending and 

releasing of the contact layers, electrons are driven 

flow between electron and ground. This is a full 

cycle of the electricity generation process for the 

single-electrode-based TENG in contact-separation 

mode. According to the basic principle of the TENG, 

micro/nano-structures are fabricated onto the 

triboelectric surface to increase the contact area to 

increase electrostatically inducted charges. 

 

Figure 1. Sketches that illustrate the electrical signal generation process of single-electrode-based TENG sensor. 
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Figure 2. Schematic illustration of the fabrication process of TENG pressure sensor devices.. 

In order to increase the triboelectric power 

output, we have fabricated nanoscale structures on 

the PDMS surfaces via casting replication and 

coating technique. Figure 2 shows the detailed 

fabrication process of our flexible pressure sensor 

based on PDMS nanostructures film. The quartz 

wafer molds with nanostructures were first 

fabricated by the traditional photolithography 

method, followed by dry etching process. The liquid 

PDMS (Sylgard 184, Dow coating) is prepared by 

mixing base and curing agent with the ratio of 10:1, 

which is uniformly coated onto the surface of 

nanostructure mold to form a thin film. It is kept at 

room temperature for 30 min to remove the air 

bubbles, then curing thermally cured at 90 ℃ for 1 h. 

A uniform PDMS layer was peeled off and contained 

nanostructures onto the surfaces. Finally, the PDMS 

film was fixed on the conductive ITO electrode form 

the sensor device. The entire preparation process of 

the device is simple and low-cost, making it possible 

to be scaled-up for large-scale production and 

practical applications. 

The fabricated flexible TENG sensor is fixed on 

a measurement platform and the nanostructures 

surface contact with a linear motor (E1100-RS-HC) 

that can apply adjustable pressure force within the 

range of from 5 N to 50 N. The measurement 

frequency is from 1Hz to 5Hz. The morphology and 

nanostructures of the PDMS substrate are 

characterized by scanning electron microscopy 

(SEM). The output electrical signal of the sensor is 

measured using Keithley 6514 and low noise 

amplifier (Stanford SR570) to record the voltage, 

current, and sensitivity. The photograph of the 

fabricated sensor sample and the measurement 

equipment are shown in Figure 3. Based on the 

elasticity, the prepared PDMS sensors are flexible, 

stretchable, and transparent. 

3. Results and Discussions 

The fabricated single-electrode-based TENG 

sensor based on PDMS nanostructures film is 

displayed in Figure 4, including scanning electron 

microscope (SEM) and atomic force microscope 

(AFM) images of nanostructure that is random 

Daman grating. The shape and dimensions of the 

PDMS structure are well controlled by the initial 

patterns on the surface of the wafer mold. The 

feature size of PDMS Daman grating is about 500 

nm and the structural configuration is similar to 

ridge. High-magnification SEM images illustrate that 

the feature is regular and remarkably uniform in 

large area of about 2 * 2 cm2, showing that the 

fabrication process is an efficient method. The ridge-

shaped structure has sharp protrusions and corners, 

which is beneficial for increasing the friction area 

and the efficiency in the electrical signal generation 

process of the TENG sensor. 

The high density closed-packed and regularized 

nanostructures allow the PDMS Daman grating 

better electrical performance, compared to other 

nanostructures. The major reason is that the high-

resolution uniform sharp nanostructures improve the 

friction contact area and surface roughness to 

increase the generate more triboelectric charges 

under the same pressure force. 

To investigate the electrical performance of the 

polymer nanostructures film, we made a detailed 

measurement and analysis. Figure 5a, b and c, d 

show the open-circuit voltage and short-circuit 

current output of the PDMS sensor at different 
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Figure 3. (a) Photograph of PDMS sensor samples, (b) measurement experimental setup based on linear motor 

for applying external pressure. 

 

Figure 4. (a) SEM image and (b) AFM image of PDMS random Daman grating. 

frequency and at different pressure force, 

respectively. We used a linear motor to pressure onto 

the surface of the PDMS film with the force between 

5 N and 50 N at frequency from 1 Hz to 5 Hz. The 

result clearly shows that the electrical output 

performance increases with the increasing of the 

frequency from 1 Hz to 5 Hz and the pressure force 

from 9.8 N to 39.97 N. As the frequency increases, 

the open-circuit voltage has no obvious changes, yet 

the short-circuit current has significant increase. The 

possible reason is that the triboelectric effect did not 

increase significantly with the increase of frequency. 

As the force increases, the open-circuit voltage and 

short-circuit current obviously increase. The 

maximum output voltage and current signal for the 

PDMS sensor are up to about 80 V and 1.5 μA at the 

frequency of 5 Hz and the force of 39.97 N, 

respectively, which can compare with sensing 

system based on piezoelectric materials or other 

more complicated designs. The corresponding 

pressure sensitivity is 0.8 V/kPa, which is almost 

three or four times as high as the sensor using flat 

films. 

4. Conclusion 

In summary, we have demonstrated a flexible 

pressure sensor based on PDMS nanostructures film. 

The working mechanism of the pressure sensor is 

based on the couple of triboelectrification and 

electrostatic induction, which is used as the single-

electrode-based TENG. We combine casting 

replication process and coating technique to fabricate 

the PDMS sensor with ITO electrode layer. The 

random Daman grating nanostructures with feature 

size of 500 nm increase the friction area to improve 

the output electrical performance of the sensor. The 

experimental results show that the pressure 

sensitivity of the PDMS sensor is up to 0.8 V/kPa at 

frequency of 5 Hz, which has potential applications 

in flexible smart electronics devices, wearable 

nanogenerator, and skin-attachable diagnostics 

sensing systems 
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Figure 5. Electrical output measurement of the PDMS nanostructures film. (a) Open-circuit voltage and (b) 

short-circuit current at different frequency from 1 Hz to 5 Hz. (c) Open-circuit voltage and (d) short-circuit 

current at different pressure force from 9.8 N to 39.97 N.  
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