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Abstract. In the first segment of this project, the merits of the flexible capacitive pressure sensor will 
be described. These benefits encompass lower power consumption, less signal drift, greater 
response repeatability, and others. However, as ductile materials are incompressible, the device's 
sensitivity won't be very good without adopting structures. The purpose and advantages of the 
resistance flexible pressure sensor will then be discussed, as well as its high nonlinearity and the 
metal-based strain effect of the resistance strain gauge, which results in mechanical deformation 
when an external force is applied and results in a corresponding change in resistance value. 
However, the output signal is weak because of the environment and time zone variations. The design 
and operation of the sensor will change. It is not appropriate for long-term monitoring due to its 
significant time and temperature drift and the potential that correct data may not be acquired after 
extended measurement. Additionally, it is sensitive to electromagnetic fields, vibration, radiation, air 
pressure, sound pressure, and air velocity. In the last part, the benefits of the flexible piezoelectric 
pressure sensor will be discussed, including its broad frequency range, high sensitivity, high signal-
to-noise ratio, simple structure, dependable operation, and light weight. The disadvantage of 
piezoelectric sensors is that some of these materials have poor output direct current responsiveness 
and call for moisture protection, which calls for the usage of charge amplifiers or high input 
impedance circuits to address this shortcoming. 

Keywords: Capacitive Pressure Sensors; Resistive Pressure Sensors; Piezoelectric Flexible 
Sensor. 

1. Introduction  

A pressure sensor is a piece of apparatus or a device that can sense a pressure signal and, under 

certain circumstances, convert it into a useful electrical signal. Typically, it comprises of a pressure-

sensitive component and a signal processor. The three primary types of test pressure are gauge 

pressure, differential pressure, and absolute pressure. 

Flexible pressure sensors are broadly utilized in modern settings, including water preservation and 

hydropower, railroad transportation, canny designs, creation programmed control, aviation, the 

military, petrochemicals, oil wells, electric power, ships, machine apparatuses, pipelines, and 

different businesses. Another type of pressure sensor that utilizes nanotechnology and novel materials 

is the use of flexible pressure sensors. Because of its advantages over traditional ones, including great 

adaptability, free twisting, little thickness, high awareness, and simplicity of mass assembling, it is 

especially suitable for estimating the contact pressure of delicate surfaces. It has various possible 

applications in the space of wearable innovation, shrewd homes, and savvy medical care. Significant 

actual elements like internal heat level, pulse, and breathing rate can be checked by both antiquated 

and new sensors. Flexible pressure sensors may possibly be utilized to upgrade golf swings or search 

for Parkinson's or different sclerosis side effects in the stride examples of more established people. 

Flexible pressure sensors are equipped for deciding the environmental pressure at a predetermined 

spot. Like a pressure measure, the perusing demonstrates that the inside pressure is identical to the 

outer gaseous tension. Vacuum sensor: This pressure sensor can be utilized to measure air pressure 

as well as pressure underneath it. Modern vacuum surrounding pressure sensors read esteems either 

founded on their working pressure or corresponding to one environment [1]. 
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2. Capacitive pressure sensors   

The cathode and the dielectric layer that make up a capacitive pressure sensor have a place with 

an equal plate capacitor. Sensors with capacitive pressure can distinguish static powers. The upsides 

of the normal flexible capacitive pressure sensor incorporate low energy utilization, minimal sign 

float, and amazing reaction repeatability. The dielectric layer is an essential part of progress for 

capacitive pressure sensors to expand their responsiveness and pressure reaction range. Without the 

utilization of explicit developments, contraptions have exceptionally unfortunate awareness because 

delicate materials are incompressible. Thusly, the development of extraordinary microstructures, for 

example, round, columnar, and cone, the presentation of the subsequent stage, the utilization of 

profoundly versatile materials, the presentation of air holes, and the making of permeable froth from 

dielectric materials can altogether work on the awareness of capacitive pressure sensors. 

The cathode of the capacitor utilized in capacitive pressure sensors is many times a roundabout 

metal film or a gold-plated film. The capacitance framed between the film and the proper cathode 

changes when the film is disfigured under tension, and the estimation circuit can yield an electrical 

sign with a particular relationship to the voltage. One sort of capacitive pressure sensor, known as the 

shaft distance change type (otherwise called single capacitive pressure sensor or differential 

capacitive pressure sensor), is the capacitive pressure sensor. [1] 

The filling fluid is transported to the center measurement diaphragm of the six chambers after the 

process pressure has gone through the isolation diaphragm on either side or one side. The central 

diaphragm is a tensioning elastic component, and the pressure differential acting on it causes a 

corresponding deformation displacement. The greatest displacement is approximately 0.1mm and is 

inversely proportional to the differential pressure. This displacement translation creates a differential 

capacitor on the capacitor plate [2]. 

Pressure sensors are in high demand because of their expertise in these two fields, which include 

robotics and medical. Many illnesses and cancers can only be detected at an advanced stage since we 

can only detect changes in the way our body’s function or when we have certain overt symptoms, as 

well as the fact that we don't have appropriate equipment at home to check for diseases. In order to 

overcome this problem during the home testing, pressure sensors are designed to operate while 

perspiring. A broad range of adaptability may be achieved in capacitive pressure sensors constructed 

of micro-mechanics by altering the scaffold material and microstructure [3].   

3. Resistive pressure sensors 

Resistive pressure sensors convert pressure changes into changes in resistance or current. 

According to the definition of resistance: 

R= ρL/S                                 (1) 

Where ρ is the resistivity, L is the length, and S is the cross-sectional area. Because of its simple 

sensing mechanism, simple structure and preparation process, and low energy consumption, it has 

attracted extensive attention from researchers. 

Resistive pressure sensors are generally composed of a substrate and conductive materials. For 

good flexibility and stretchability, elastomers such as PDMS and polyethylene terephthalate are 

commonly used as substrates. In addition to having some ability to conduct electricity, conductive 

materials need to be sensitive to pressure changes. The change in resistance can be summarized as 

the following factors. First, the shape and structure of the material change. Structural deformation 

will lead to changes in length L and cross-sectional area S. Second, the change of material band 

structure. For example, when graphene is stretched by more than 20%, the electronic band structure 

changes, causing a change in its electrical conductivity. This phenomenon has also been found in 

semiconductor silicon-based materials. Third, changing in contact resistance between the two 

materials. For example, ZnO/SiO2 nano-fiber films made by electrospinning have a sensitivity of 

12.75 at 1.25 cm−1 curvature. Its sensing mechanism is that as the pressure increases, the contact of 
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the fibers becomes closer, resulting in a smaller resistance. The disadvantage of such sensors is that 

they are prone to signal drift and lag. At last, the internal conductive phase spacing of the composite 

material changes. The conductive filler is added as the second phase to the polymer material with 

relatively poor conductivity. When the penetration threshold is reached, the conductive phase will 

form a conductive network, showing that the resistance decreases significantly. At present, there are 

two main theories for the formation of conductive network: the permeation theory and the tunnel 

current effect. Also, resistive and capacitive pressure sensors have similar design strategies. For 

example, a flexible substrate or conductive layer with a microstructure is used for high sensitivity 

conductive network: the permeation theory and the tunnel current effect. Also, resistive and capacitive 

pressure sensors have similar design strategies. For example, a flexible substrate or conductive layer 

with a microstructure is used for high sensitivity [4,5]. 

4. Piezoelectric flexible sensor 

In areas where environmental protection requires alternatives to fossil fuel, and in portable 

applications where ultra-high energy capacity or complementary energy is required, energy 

harvesting technologies can meet critical needs. Obtaining energy from environmental sources, 

including solar, thermal, and mechanical energy, to respond to these needs has gained considerable 

attention in the past few years. Among them, piezoelectric energy storage technology can be available 

anytime and anywhere the most common energy mechanical energy into electricity, because of its 

long life, no need to charge, strong scalability and other advantages, has been proposed and 

investigated by many researchers. So far, there have been attempts to make piezoelectric energy 

harvesting devices by using a variety of piezoelectric nanostructures, such as sandwiches, nanotubes, 

and porous structures, and named them as nonagenarians. Most of the work has focused on the linear 

nonagenarians. However, there are numerous drawbacks to these technologies that limit their 

commercial success. Recently, thin-film nonagenarians made of perovskite ceramic materials have 

also been demonstrated to produce much higher power densities than other similar structures or 

related devices. The advent of nonagenarians and nanotechnology could significantly lead to self-

powered systems based on harvesting energy from environmental energy sources to drive portable 

devices with low power consumption. Recent developments in sensor technology offer innovative 

ways to reduce power consumption to less than 1 MW, enough to be generated by nonagenarians. 

Self-powered magnetic, chemical, temperature, and mechanical sensors assisted by nonagenarians 

have been successfully demonstrated. This approach can greatly enhance the sensor's adaptability, 

mobility, and durability. In this paper, a highly ordered imprinting film with hollow hemispheres is 

described. The film is composed of two-dimensional polystyrene spheres spun on a flat substrate and 

then deposited ZnO layers by RF magnetron sputtering at room temperature and annealing conditions. 

It is a promising nonagenarian and pressure sensor structure [6]. 

 

Figure 1. (a) Schematic diagrams of the pressure sensor fabrication process. (b) Hexagonally close-

packed 2D arrays [7]. 
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Piezoelectric pressure sensor converts pressure signal into voltage signal, and its induction 

mechanism comes from the piezoelectric effect of piezoelectric materials. The most important 

parameter to designate the piezoelectric properties of piezoelectric materials is d33, known as the 

piezoelectric constant, which reflects the ability of piezoelectric materials to convert mechanical 

energy into electrical energy or electrical energy into mechanical energy. Generally, the larger the 

d33, the better the piezoelectric performance of the piezoelectric body. This kind of sensor can 

generate internal voltage under pressure, the magnitude of voltage is related to strain, and has 

enormous potential in the field of passive pressure sensor. The piezoelectric pressure sensor has 

excellent performance in the measurement of dynamic force, and the response time can reach the 

order of microsecond, but there continue to be some difficulties in the measurement of static force. 

The piezoelectric effect may be present in a crystal with an anisotropic cell, or in a region of the 

electret with different charges. The frequently used piezoelectric materials mainly include polymer 

and inorganic materials. Such as leading zirconate titanate, ZnO, polypropylene fluoride. Rogers et 

al. introduced piezoelectric transducer into the cell of the field effect transistor array, and obtained a 

pressure sensor with ultra-low detection limit (0.005 Pa) and ultra-fast response time (0.1ms). Kim et 

al. introduced the sensor into the polyvinylidene fluoride matrix, and the obtained sensor has good 

fatigue resistance, and can remain stable under the stress of more than 9 MPa. The maximum output 

current was 1033% higher than that of the non-in-situ polyvinylidene fluoride [8,9]. 

5. Discussion  

The purpose and benefit of a capacitive pressure sensor are first introduced in this work. For 

instance, the responsiveness is greater and there is reduced energy usage and signal drift. However, 

soft materials cannot be compressed, therefore their sensitivity is predicted to be very low in the 

absence of specific structures. The following concept function and flexible advantages of resistance 

to pressure sensors include nonlinear resistance large plates with metal deformation effect, that is, 

mechanical force-induced deformation changes in accordance with electric control signals, but the 

output signal is very weak, and with changes in time, environment, material quality, and sensor 

components. As a result, rather than attainable long-term definitions, long-term measurements are 

unable to collect valid and valid data because of significant time and temperature fluctuations. 

Additionally, it is impacted by electromagnetic fields, vibrational pressure, negative pressure, air flow, 

and other factors. Let's wrap up by discussing the purpose and dignity of piezoelectric pressure 

sensors, including their noise coefficient in the wide band sensitive signal frequency band, 

straightforward construction, dependability, lightweight nature, etc. The drawbacks of piezoelectric 

sensors, however, include the need for moisture proofing for some piezoelectric materials and a 

subpar response to output constant flow. To correct this flaw, higher impedance or charge amplifiers 

are required [10]. 

6. Conclusion  

There are heaps of biosensors in this field, and in this paper presented legitimacy and negative 

mark of three sort of them. Most importantly, the benefits of capacitive pressure sensors are less 

energy utilization, less sign float, more noteworthy reaction, etc. Be that as it may, delicate materials 

are unrealistic to pack. Accordingly, on the off chance that there are no unique designs in it, their 

responsiveness would be exceptionally low, which will be extremely wasteful. The accompanying 

calculated highlights and flexible benefits resistors have metal distortion consequences for pressure 

sensors, for example, nonlinear obstruction plates deformity changes under the activity of mechanical 

powers in accordance with electrical control marks, but the result signal is still exceptionally feeble, 

and it likewise will change with time and climate as well as material quality and sensor parts. 

Subsequently, because of the huge time and temperature varieties, long haul estimations can't get 

legitimate and substantial information, and can't give a doable long-haul definition. It is additionally 
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impacted by an electric field, attractive field, vibration radiation pressure, negative pressure, wind 

current, etc. Finally, it discusses the capability and the value of the piezoelectric pressure sensor, for 

example, the clamor calculates the wide band of touchy sign recurrence band, straightforward design, 

dependable work, lightweight, etc. In any case, the drawback of piezoelectric sensors is that a few 

piezoelectric materials require dampness security and are less receptive to steady result stream, which 

is somewhat wasteful. Furthermore, higher impedance or charge enhancers are required to defeat this 

deformity.  
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