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a  b s t  r  a c t

Electrodeposition  is  a low temperature and low cost growth method  of  high  quality nanostruc-

tured  active materials  for  optoelectronic  devices.  We report the  electrochemical preparation of ZnO

nanorod/nanowire  arrays  on  n-Si(1  1 1) and p-Si(1 1 1). The effects  of  thermal annealing  and type of sub-

strates  on the  optical  properties of  ZnO nanowires electroplated on  silicon  (1 1 1)  substrate are reported.

We  fabricated  ZnO  nanowires/p-Si structure that  exhibits  a strong UV photoluminescence emission and a

negligible  visible emission.  This UV photoluminescence emission proves  to be strongly influenced by  the

thermal  annealing at 150–800 ◦C. Photo-detectors  have  been fabricated  based on  the  ZnO  nanowires/p-Si

heterojunction.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

ZnO is a II–VI group compound semiconductor with a hexag-

onal wurtzite crystal structure [1]. It has a wide and direct band

gap of 3.37 eV at 300 K and a  large free exciton binding energy

of 60 meV  [1].  Zinc oxide nanowires are the most promising

one-dimensional (1D) nanostructures emerging as building blocks

for active elements in various nanophotonics systems [2,3]. Low

dimensional ZnO has been reported for use in short wavelength

optoelectronic devices such as  light emitting diodes (LEDs), optical

switches, solar cells, field effect transistors, and in nanosensors

applications [3–7].  It  has unique physical and chemical properties,
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low-dimensional volume, high aspect ratio, light-matter interac-

tion, cost-effectiveness and can be synthesized by  a  diversity of

chemical and physical methods [3–9]. Among these, electrochem-

ical deposition (ECD) [7,8,10–12] is a low temperature process

compatible with different types of substrates [3,4,10] and produces

highly crystalline nanowires/nanorods of excellent electronic qual-

ity. In this context many device structures, such as heterojunction

[3,7,13], homojunction [14], and metal–insulator–semiconductor

structure [15] were explored for concrete applications. As  ECD

can be easily scaled up for  optoelectronic device fabrications

[3,4,16,17], it is of great interest to develop a process for growing

ZnO nanorod/nanowire arrays directly on n-  and p-Si substrates

considering the advantages of Si in integrated photodevices.

Recently, Baek and Lim [18] demonstrated the effect of Si

wafer resistivity on the growth of ZnO nanorods by  using −30 V

cathodic potential. The effect of thermal annealing on ECD ZnO

nanorod/nanowire arrays is not well documented. Only a  few

reports [19,20] of annealing effect on ZnO nanorod/nanowire arrays

on Si  substrates have been published. Ha et  al. [20] reported the
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