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Abstract

The wide band gap material, ZnO which have 3.37 eV energy band gap and
about 60 meV excition energy level s potential for nano laser application and flat
display applications in the future. This research is focus on the 2-D nanostructure
which means the x and y axis was limit by the nano size (<100 nm). The
characteristics of the ZnO nanowires are paying attention in growth mechanism,
optical emission, and electric properties. Furthermore, the field emission devices are
also been focus on the low turn-on electric field and more stability current density.

Here we report for the first time the ZnO-nanowire-growth on p-type Si (100)
substrates using a VLS process catalyzed by copper instead of gold. This is a new
method for preparing ZnO NWs through a rapid and cost effective thermal process.
The two-step VLS growth method, used in this study reduced the liquid metal size
and content efficiently to promote the growth of ZnO NWs. Furthermore, in this
process we introduce the thermal annealing steps to make ZnO NWs approach
vertically on the Si substrate.

Among various preparation methods, the metal catalytic VLS growth process
provides a cheap and speedy route for large-area deposition of nanowires. The
physical structures of the nanowires are affected strongly by the fabricating

parameters such as starting materials, temperature, time and atmosphere. However,
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the effect of atmosphere on the structure and property of ZnO nanowires was scarcely
studied. In the present study, we grow ZnO nanowires on Si (100) p-type substrate by
using Cu catalyzed VLS with Ar and N, carrying gases. The effects of atmosphere on
the morphology, structure and optical property of those nanowires were studied.

The nanowire growth process was controlled by surface morphology and
orientation of the epitaxial ZnO buffer layer, which was deposited by radio-frequency
(rf) sputtering. The copper catalyzed the vapor-liquid-solid growth of ZnO nanowires
with diameter of ~ 30 nm and length of ~ 5.0 um. The perfect wurtzite epitaxial
structure (HCP structure) of the ZnO (0002) nanowires synthesized on ZnO (002)
buffer layer/Si (100) substrate results in excellent optical characteristics such as
strong UV emission at 380 nm with potential use in nano-optical and nano-electronic
devices.

These ZnO nanowires show excellent field emission properties with turn-on field
of 0.83 V/um and corresponding current density of 25 pA/cm’. The emitted current
density of the ZnO nanowires is 1.52 mA/cm? at a bias field of 8.5 V/um. The large
field emission area factor, £ arising from the morphology of the nanowire field emitter,
is partly responsible for the good emission characteristics.

The Sn doped ZnO (SZO).nanowites. were fabricated by a vapor-liquid-solid
(VLS) growth process. The reaction temperature for the formation of the nanowires
can be reduced to ~100 °C due to Sn'doping. The growth direction and morphology of
SZO nanowires depend on the-amount of 'Sti; which is attributed to different size
between Zn and Sn atoms. The ultra-violet (UV) emission of SZO nanowires varies
from 380 to 396 nm since Sn acts as a doubly ionized donor and introduces deep
states in the band gap. In addition, the SZO nanowires exhibit significantly improved
field emission characteristics with a turn-on electric field of 0.05 V/um under a
current density of 0.5 mA/cm?® in comparison with undoped ZnO nanowires. The work
function of the SZO nanowire decreases for the higher carrier concentration and the
field enhancement factor increases for the smaller diameters.

The metal oxide NWs, especially ZnO NWs have potentials for much field
application such as field emission display arrays or optical emission. Furthermore, the
studies of the ZnO NWs are still narrow focus on the electric and optical applications.
In the future, there are many kinds of subjects could be study which will increase the

speed of commercialize.
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