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Seed-Layer Effect on Highly Oriented ZnO Nanorod Array Fabrication
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Abstract: Vertically aligned ZnO nanorod arrays have been extensively applied to the fabrication of various
optoelectronic devices owing to their versatile properties. However, to control and investigate the morphology of
nanorods is directly related to device performances. A seeded substrate is favourable for the hydrothermal
synthesis of nanorods by lowering the nucleation barrier and restricting the migration of the disordered
nucleation. Therefore, varying the seed layer properties is a feasible and effective way to control the nanorod
growth. In this paper, three different methods sol-gel, spray pyrolysis and pulse laser deposition (PLD) were
employed to the ZnO seed layer preparation. For each preparation method, the crystal structure, morphologies,
surface roughness and properties of ZnO seed layers were characterised by X-ray diffraction (XRD), scanning
electron microscopy (SEM) and atomic force microscopy (AFM), respectively. ZnO nanorod arrays with different
structures and morphological properties were synthesised on the prepared seed layers by hydrothermal treatment.
The ZnO nanorods exhibit strong substrate-dependent properties. Combined with the characteristics of ZnO seed
layers, the difference of growth mechanisms for each method is proposed by analyzing the nanorod properties on

the seed layers.
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Fig.1  X-ray diffraction patterns for ZnO seed-layer films

prepared via three different methods
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Table 1 Grain size and surface roughness of seed layers fabricated by three methods

7ZnOxg; ZnOpp 7nOg
Grain size / nm (estimated from the peak of (002) plane of XRD) 36.2 30.8 41.6
Grain size / nm (measured from SEM images) 43.9+7.4 — 62.3+14.2
RMS roughness / nm (measured from AFM images) 8.5+0.4 3.0+£0.5 11.0+1.0
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Fig.2 AFM graphs of ZnO seed-layer films prepared via three methods
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Fig.4 Top and cross-section views of SEM graphs of ZnO nanorod arrays grown on three different seed-layers
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Table 2 Diameter, length and areal density of nanorod arrays fabricated on three different seed layers
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ZnOpp ZnOg

Diameter / nm 98+26
Length / nm 470+52

Aareal density / (rod - pum™) 108

62+18 91+42
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229 97
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il

N —
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Fig.5 Growth mechanism of ZnO nanorod array grown on

different seed-layers
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Supporting information is available at http://www.wjhxxb.cn
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