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With the progress of quantum technologies, electronic 

devices that we use in daily life and that require continuity 

are caused to become smaller and therefore the energy 

required by these devices is relatively low. Hereby, mankind 

has developed nano-micro scale energy harvesting ideas. The 

number of automation smart systems and sensors that equip 

our environment is increasing day by day, and as a result, the 

energy requirements of systems, many of which have to work 

without being connected to a network, are provided by 

modern and non-nature-friendly, inefficient batteries. One of 

the barriers limiting the development of deployable integrated 

sensing and actuation solutions in multifunctional systems is 

power shortage. In this framework, the power of these sensor 

networks to end their own energy generation; is very critical 

that it is obtained from small, inexpensive and reliable 

sources [1]. 

 

Triboelectric nanogenerators (TENG) are the mechanism that 

collects the electrostatic energy generated by the friction of at 

least one dielectric material with electrically different charges 

and operation modes are given in Fig. 1. Here, the 

phenomenon that directly affects the output power and has 

critical importance is the distribution and density of the 

charges, which is the electricity produced on the contact 

surfaces of the two materials. In other words, TENG 

performance is largely explained by the amount of 

triboelectric charge generated on the friction layer during the 

triboelectrification process. 

Figure 1. Schematics of triboelectrification modes a) 

Contact-separation mode b) Single electrode mode c) Sliding 

mode and d) Free standing triboelectric layer mode [2] 

 

In current applications, energy is produced by using polymer-

based materials as triboelectric layer in TENJs [3]. In 

contrast, via this study, the energy harvesting process from 

the waste mechanical energy, which is carried out by 

increasing the electrical charge difference between the layers 

by using these ZnO semiconductor film, is present by using 

triboelectric materials that are formed by using silver 

conductors using these electrodes.  

Because of their low cost-effectiveness and strong electrical 

activity, ZnO films with susceptible characteristics, 

particularly the wurtzite phase (hexagonal symmetry), are the 

most extensively utilized oxide for transparent electronic 

applications. Friction layers made of ZnO semiconductors for 

triboelectric nanogenerators (TENG) can also be 

environmentally beneficial and long-lasting. Thin films can 

be utilized as friction layers to increase the triboelectric 

nanogenerator's output voltages. Variations in the growing 

conditions, such as working powers and pressures, is used to 

boost the triboelectric effect's magnitude in the current study. 

X-ray diffraction (XRD), scanning electron microscopy 

(SEM), semi-logarithmic I-V curves, and frequency 

dependent resistivity measurements are being used to 

evaluate the crystal structure, surface morphology, resistance, 

and capacitance properties of thin films. In triboelectric 

systems, especially below 10 Hz, it has been well known that 

electrical resistance and capacitance properties in the low-

frequency region seem to be of high significance.  

 

According to the results of the present study, a triboelectric 

nanogenerator based on semiconductor/conductor-based 

layers would be environmentally benign, low-cost, and have 

a higher output performance. According to varied sputtering 

pressures and target powers, the structural, and electrical 

values of ZnO/Ag/Si(100) films as semiconductor layers 

were obtained and evaluated. We established a robust 

mechanical energy harvesting system based on ZnO/Ag 

(dielectric layer I) and PET/ITO (dielectric layer II) 

triboelectric layers to taking utilisation TENGs' potential 

energy harvesting. Using load output features of the device, 

the mechanical force capacity of TENG was also researched 

and proven to be suitable for high voltage and low current 

applications. 
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