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High Stable Electron Emission of Surface-Modified ZnO

Nanowires

Su-Hua Yang, Nai-Chieh Hsu
Department of Electronic Engineering, National Kaohsiung University of Applied Sciences,
Kaohsiung, Taiwan, R.O.C.
E-mail: shya@kuas.edu.tw

1. Introduction

In recent years, the growth of nanowires has attracted much attention attributing to the
potential applications of nanowires on solar cells, sensors, and electron emission devices. To
achieve high electron emission capability, nanowires should have a low work function ¢, a
high aspect ratio, and a high field enhancement factor . Based on this, excellent chemical
and physical properties of ZnO is a prominent material for electron-emitters. Hence, growth
of highly controllable and reproducible ZnO nanowires along with stable field emission was
investigated in this study.

2. Experiments

ZnO nanowires were grown on the ZnO:Al (AZO) seeds deposited Si substrate via vapor
transport method. The seed layer was prepared by RF sputtering. Moreover, the surface of
ZnO nanowires was modified by Zn coating via thermal evaporation. The growth parameters
of nanowires, such as the composition of source and the growth temperature and time were
optimized, meanwhile, the coating conditions of Zn, for example, the distance between
source and substrate, were evaluated to achieve a high field-emission ability of nanowires.
Crystallinity, morphology, and luminescence properties of nanowires were analyzed. And the
electron emission was measured in a high vacuum system, where anode and cathode were
separated by d.

3. Summary

The synthesized ZnO nanowires had a wurtzite structure, which were vertically and
uniformly grown on the AZO/Si substrate, as shown in Fig. 1. A high UV emission and
negligible green emission was measured from the nanowires.

The optimal characteristics of ZnO nanowires were obtained when the sources of ZnO and
graphite powders were mixed with a weight ratio of 1:1 and heated with a rate of 30°C/min
in a tube furnace; the ZnO nanowires were grown at 1000°C for 30 min in Ar/O2 ambience.
The flow rates of Ar and Oz were 100 and 10 sccm, respectively, and the pressure was
maintained at 10 torr. Furthermore, for the Zn coating on the surface of ZnO nanowires, the
optimal field emission properties of nanowires were achieved when the Zn was coated by
evaporation for 3 min with a source-substrate distance of 3 cm.

Zn coating decreased the work function of nanowires and increased the emission sites of
electrons. Consequently, the emission current was enhanced. The emission of nanowires
followed the Fowler-Nordheim (F-N) equation. The lowest turn-on field (£) of 0.7 V/um was
measured when the current density (J) was 10 pA/cm?. A high field enhancement factor of
18,108 was obtained (Fig. 2). The emission mechanism was investigated.
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Fig. 1. SEM image of ZnO nanowires.
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Fig. 2. F-N plot of the surface modified ZnO nanowires.



