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ABSTRACT 
Reveals the controlled fabrication of flexible piezo-electric based pressure sensor with application in tactile 

sensors. First  the ZnO thin film were prepared by the DC magnetron sputtering (with zinc as a target and 

farming ZnO) by using reactive gas O2 in the Argon environment on the PDMS substrate. Then these samples 

were optimized, the ZnO film shows the piezo electric characteristics has been selected for the further masking 

process. Here, flexible substrates were prepared using PDMS by spray pyrolysis technique with the thickness of 

150µm sputtered with ZnO. Then with the prepared PDMS thin film substrate leads to DC magnetron sputtering 

to form Cu thin film layer about (10-20 nm) with the above optimized conditions as formed electrode with 

conducting leads which acts as electrode terminals. The formed Cu/ZnO /PDMS layer thin film substrate enables 

the significance in the output piezo electricity of about 250µv-3µv while the proportionality of the applied static 

pressure on the flexible thin film appropriately (1psi-25psi) shows the application of piezo electric Nano 

generators for low voltage applications. This piezo electric pressure sensor demonstrates a power density of 

0.94µw/cm at 1kpa pressure with the load resistance of 0.010 - 0.0175 ohm was calculated from the resistant, 

current and voltage signals. The proposed piezo electric pressure sensor determines the constant voltage 

response on the static and dynamic pressure because the advancement of the flexible Cu/ ZnO /PDMS layers thin 

film on the PDMS substrate. This exhibits the advantages in linear response, high sensitivity (10µv/psi) a faster 

response time (50ms), long term durability and cost effective. 

Keywords: MEMS – micro-electro mechanical systems, piezo- electric, PDMS , zinc oxide ZnO. 

1. INTRODUCTION 
As the research progresses in now days, the advancement in the smart sensor with introducing mems based 
technology especially in tactile care sensor for the comfort which provides. Here, piezo electric pressure sensors 
(PEPS) plays a major role in human action related with tactile sensing and also in health care applications from 
with the implementation of the thin film based sensors gives the high stability and sustainability. In this flexible 
type thin film PEPS’s has emerging a change impact in the accuracy which it produces. Here, the flexible 
PEPS’s pays major roles because compared with the solid type sensors only get the signal from the interrupted 
cross-section area which the sensor has to be mounded. Here in this type of flexible PEPS sensors has attention on 
the movement of the human action due to the flexibility. Also these sensors have well in the response of about (1 
kpa-10 kpa) on the static and dynamic pressure ranges[2][3][4]. 

The incorporation of robots in complex human environments is becoming a focal point in the robotics industry, 
and specialized in-hand manipulation tasks will be needed for future generation of robots. A network of PEPS’s 
based tactile sensors should be used to ensure constant measurement of the pressure exerted at all touch points in 
order to meet the specifications for the tactile movement. The piezoelectric composites have the advantages of 
versatility, mechanical robustness, insensitivity to overload, and easy and low-cost fabrication techniques among 
the various working concepts for robotic tactile sensing[1]. The fabrication of a lightweight and conformable 
piezoelectric tactile sensor is presented in this paper. The tunneling conduction mechanism in ZnO and poly 
dimethyl siloxane (PDMS) (ZnO/PDMS) composites was the basis for the newly produced revolutionary practical 
content. A giant piezoelectric activity can be obtained. 
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The conductive mechanism is caused by compressive deformation of the polymeric matrix, which reduces the 
distance between the conductive particles, resulting in the formation of electric conductivity paths and an increase 
in the overall composite's electrical conduction. The uniqueness of this solution lies in the proper tuning of the 
conductive system based on the particle density, which is believed to be normally distributed in the polymeric 
matrix of ZnO/PDMS composite. The conductive particles come into physical contact with each other in the 
majority of the studied cases as early as the mechanical load is applied. The porous paths can be represented by 
different theoretical models and the change in piezoelectricity is obviously a function of the filler concentration in 
the polymeric matrix[6]. The majority of these models, however, fail to predict activity below the threshold 
voltage. The conductive particles in a second form of piezoelectric composite are scattered very close together but 
remain fully covered by a polymeric film. As a consequence, in the absence of deformation, the value is infinitely 
high, resulting in the composite's insulating behavior. The polymeric layer between the particles thins out when a 
compressive load is applied[7]. 

Tunneling of electrons happens next, resulting in conductivity paths and a significant decrease in total electrical 
resistance. Various models, including electric field mediated emission, Richardson–Schottky transmission modes, 
and Pole–Frenkel conduction; have been used to describe the conduction process over the last decade. The 
tunneling effect, on the other hand, is the most well-known and widely recognized model for predicting electrical 
conduction in piezo resistive polymer composites. In addition, we and other authors demonstrated that using 
nickel filler particles with nano structured and extremely sharp tips improves composite electrical conduction by 
many orders of magnitude in response to mechanical strain. In order that the silicone rubber filled with smooth 
zinc particles had a significantly lower piezoelectric action at the same applied strain, implying that the tips play a 
fundamental role in piezoelectric enhancement. The chance of electrons tunneling through neighboring particles 
through their sharp tips increases as the composite is stretched, resulting in an exponential decrease in the 
sample's electrical resistance[10][13]. By the investigated piezoelectric transduction in tactile robotic applications, 
revealing the electric resistivity of conductive inks as a result of the pressure applied on the thin film. The high 
mechanical versatility provided by the polymer, combined with the ability to switch from insulating to conductive 
electrical action, enables this composite a good option for use as a smart sensing skin for robotic applications. Our 
piezo resistive composite, in particular, could meet the key criteria for an effective tactile sensing skin. 

2. MATERIALS AND METHODS 

 
Fig 1: over view block diagram 
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2.1. PREPARATION OF THE SUBSTRATE MATERIAL 
The curing agent was then applied at a weight ratio of 1:10 to the PDMS copolymer, and the resulting paste was 
dropped to smooth surface to form substrate by using doctor blade method and outgassed for 1 hour at room 
temperature under vacuum[11]. The composite was curing at 70°C for 24 hours. Then the designed structural 
mask has placed on the top of the PDMS layer. The designed structural mask by using CNC and laser technique 
as shown in fig2, the gap between the each fringe of above mask has 100µm width as a sensible electrode layer 
deposition. The structural mask has been printed on the 10 gradient stainless steel of 0.5mm thickness. The 
prepared substrate PDMS layer was placed and followed the optimized, parameter in DC magnetron sputtering 
process. 

2.2. FORMATION OF ZN/ZNO SENSING LAYERS 
The optimization of ZnO and Zn were carried out by changing the limitations of the following parameters. Such 
as, at constant temperature the distance between substrate and source (target) of above 45mm. Then the base 
pressure of above 10-6 mbar and working pressure of 0.6x10-3 to 0.8x10-3 mbar pressure varying with; the flux 
as Ar for Zn seed layer. Also in case of ZnO additionally the O2reactive gas was added with Ar. From the above 
process the suitable Zn seed layer was obtained were sputtered at 0.75x10-3 mbar working process have resultant 
XRD and SEM characteristics as shown in fig2.  Then also in the case of ZnO layer sputtered at 0.6x10-3 m bar 
working pressure with O2 and Ar medium have resultant (XRD and SEM). Proves the material having properties 
of ZnO and also surface morphological. The piezo electric property of sputtered ZnO film layer on a flexible 
substrate carried out by four probe method to finding the IV-characteristics with respect to the applied pressure as 
shown in fig2. This above property shows the piezo electric property of ZnO to make step in a fabrication of piezo 
electric pressure sensor [23]. 

 
Fig2: Material preparation and its step by step methods involves 
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3. RESULTS AND DISCUSSION: 

3.1. Material Characterizations 
Prior to fabricating the PDMS/ZnO piezoelectric composite, a the prepared samples  was collected for SEM and 
XRD analysis. The SEM images reveal that nanoparticles had 50–200 nm lateral dimensions. Most of the Zno 
particles in the surface of the thin film exhibit polyhedral form with only a few rectangular shapes (Fig. 3). XRD 
pattern (Fig. 4) exhibited expected peaks from the wurtzite crystal structure (compared to ICDD database) to the 
plane 002. Based on XRD pattern, sputtered ZnO thin flim was mostly free of impurities with only small residual 
peaks observable at 37.6°. 

    
(a)                                                                                 (b) 

Fig 3: Shows the surface morphological structure of fabricated  PDMS/ZnO thin flim, 

(a) surface view of 10 um, (b) surface view of 1 um 

 
Fig 4: X-ray diffraction pattern for Zno/PDMS thin film 
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3.2. PRESSURE SENSING TESTS 
The fabricated flexible piezoelectric sensors are initially tested for force measurements. The force sensing is 
possible because of the compressive strain experienced by the thin PDMS/ZnO transducer deposited ZnO 
electrodes. In these experiments, the change in resistance and voltages by the compression due to air pressure 
were monitored and logged with a compound LCR meter and digital multi-meter respectively. The flexible 
sensors are secured with pressure test and the pressure is applied directly on the sensor using the aligned air 
locking system with pressure gauge and sensor positioning system manually experimented shown in fig5. 

 
Fig 5: Manually assembled pressor applicator with gauge and control 

 
Fig 6: Output responds of sensor with respect to applied pressure in psi and Change in resistance in ohm 

respectively 

For the first set of test, the applied pressure of 1psi. The value was confirmed with the Interlink pressure sensing 
gauge. For the second set of tests, the initial applied force was increased gradually upto 20 psi by increasing the 
pressure at start point of the sensor. The force values of 1 psi to 20psi the resultant sensor output as shown in fig 6 
and fig 7 correspondingly. As this confirms that the output resistance increases with the magnitude of the applied 
pressure. 
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Fig 7: Measured output responds of sensor with respect to applied pressure in psi and change in resistance in ohm 

respectively 

The output voltage is observed to increase with applied pressure and retracing it in same order. The output voltage 
from the device shows the ability of material to produce a voltage by sensing a pressure stress. The sensitivity of 
this particular sensor is calculated by using formula 

 

Manually regulated pressure applied into the device producing a small delay will causes a step by step increase in 
voltage. The Results obtained from this device shows the capability of fabricated PDMS/ZnO material to act as a 
piezo-electric pressure sensor. 

CONCLUSION 
From the above discussion the proposed thin film sensor was designed and fabricated around the fundamental 
principle using fabrication and characterization of flexible piezoelectric type pressure sensing device using ZnO 
thin film as the sensing active layer. This resembles the advantages in high flexible to access the nodes, high 
sensitivity, low responds time. These type of sensors are used as tactile movement sensing, and it has application 
with nano generators due to its electrical responds 
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