Nanogenerators of ZnO Nanorods Arrays Films Synthesized by Chemical Bath Deposition 
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ABSTRACT

In this work, ZnO nanorods were synthesized by chemical bath deposition (CBD). The nanorods were synthesized at 110 oC by using zinc acetate and KOH with concentration 0.033 mol L-1 as precursors. The ZnO nanorods were characterized by XRD and FE-SEM as structural and microstructural properties. A series of oriented hexagonal wurtzite ZnO nanorods array films were grown on Pt/Ti/SiO2/Si substrates. A simple method was used for characterize the piezoelectric behavior of the nanorods arrays films. It was used a device with 8 mm2 and Pt/Ti/SiO2/Si as counter electrode. It was observed that the device show a Schottky behavior from I vs V curves. The voltage measured ranged from 2 mV to 7 mV. This indicates that the ZnO nanorods arrays films can be used as nanogenerators.

INTRODUCTION 
Harvesting of unexploited mechanical energy to power and drive electronic or nanodevices is increasingly attracting scientific attention.[1] Nanoscale materials and nanotechnology could play important roles in the development of very small volume nanogenerators for self-powder electronics and nanodevices.[2-5] Using the piezoelectric effect, nanogenerators can convert external mechanical energy to electrical energy.  The 1 D ZnO nanostructures have been studied as nanogenarators due to excellent semiconducting and piezoelectric properties; little toxicity which makes it good for biosafe, biocompatible biomedical applications and having the most diverse and abundant types of nanostructures, which can include nanowires[2], nanorods[3], nanocones[2] and nanotubes[4] most of which are almost exclusively n-type ZnO[5]. Under external mechanical forces these structures can be elastically deformed to create a piezoelectric potential that can induce a through current, and then it is possible to convert nanoscale mechanical energy into electrical energy. 
Zinc oxide is an n-type semiconductor material, which has gained substantial interest in the research community because of its electrical, optics and piezoelectric properties, besides of its biocompatibility. ZnO can be a cubic zinc-blende, type NaCl and wurtzite structure. The piezoelectric properties appear in phase wurtzite due the crystal without inversion symmetry.1 Studies indicate that the piezoelectric response is greater for the ZnO nanostructures with preferential growth along [002] than for the solid isotropic, and the piezoelectric property is dependent on the length and diameter of nanorods.2 The objective of this study was to investigate the influence of nucleation layer on the variation of the diameter of nanorods and verify ownership of piezoelectric ZnO nanorods.

METHODOLOGY

 The first step of this work was the preparation of zinc citrate by Pechini method, used to make the seed layer. The citric acid was gradually dissolved in ethylene glycol under stirring at 90° C. After the dissolution, it was slowly added zinc acetate to the solution. The viscosity of the citrate solution was adjusted to 40 cP – 100 cP. The deposition of citrate on SiO2/Si substrate was made by spin-coating at 3000 rpm for 30 seconds. After there, the substrates were heated treatment at 550° C for 3h. Then, the syntheses of the nanostructures were performed via chemical bath deposition (CBD) by using potassium hydroxide (0.033 M) and zinc acetate (0.033 M) as precursors. The samples obtained were characterized by X-ray diffraction (XRD), field emission scanning electron microscopy (FE-SEM) and electrical measurements. 
RESULTS AND DISCUSSION 
The Figure 1 shows the micrographs obtained for the ZnO thin film to be used as seed layer as well as the films obtained after the synthesis. It is possible to observe that ZnO seed layer shows a porous microstructure (Figure 1.a) and after the CBD it occurred the growing of ZnO nanorods hexagonal on the seed layer (Figure 1.b). It is observed that the nanorods grow perpendicular to the substrate. In XRD showed in Figure 2, it is possible to observe that the nanorods grow preferentially along [002] direction.
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Figure 1. Micrographs obtained by FE-SEM from: (a) ZnO seed layer prepared by the Pechini Method and (b) ZnO nanorods arrays that was grown on Pt/SiO2/Si by CBD.
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Figure 2 XRD obtained for the ZnO nanorods arrays that was grown on Pt/SiO2/Si by CBD.

To verify the formation of a Schottky contact an IV curve of the nanogenerator was obtained. The current through the nanorods was measured as the voltage was increased from −5 to +5 V. A platinum counter electrode was placed on top of the nanorods and the positive voltage was connected to the electrode and the nanorods were connected to the negative voltage terminal.

Figure 3 shows the IV curve obtained for the nanorods device. From Figure 3 it is clear that a Schottky contact forms at the nanorod–electrode interface due to the nonlinearity of the measured IV curve. By analyzing the Figures 3 and 4 it is possible to see that when the counter electrode comes into contact with the compressed nanorods surface, the counter electrode/nanorod interface becomes a forward biased Schottky diode. A larger current is induced at the interface to flow through the nanorod and the circuit. This device gives a strong possibility for fabricating self-powered nanodevices that could be used in every type of electronic device, which would aloow us to charge wireless devices outdoors.
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Figure 3. Curves I vs V obtained for ZnO nanorods  devices.
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Figure 4. Output voltage from the nanogenerator.
CONCLUSIONS
The results show that ZnO nanorods devices prepared by CBD method show good values by the output voltage that can be inferred for using them as nanogenerator. 
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