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Abstract

Highly (1000) oriented ZnO films were successfully grown onto silicon substrates using a dual plasma deposition process incorporating a
metal cathodic arc source and oxygen ambient. The optical properties of a series of ZnO films deposited on quartz using similar conditions were
investigated using UV–visible spectrophotometry, and the effects on the band gap were investigated. The absorption of C-excitons resulting in a
blue-shift of the band gap at room temperature is accentuated due to strong absorption at higher energy for light polarized (E //c) in the highly
(1000) oriented ZnO film.
© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

Zinc oxide (ZnO) films possess many interesting character-
istics such as piezoelectric effects [1], conductive effects [2],
acoustic characteristics [3], direct band gap (3.3 eV), and
absence of toxicity. The materials have thus attracted much
attention because of their potential use in optoelectronic devices
such as solar cells and displays [4]. Different methods have
been proposed to synthesize ZnO films including chemical
vapor deposition (CVD) [5], thermal oxidation [6], radio
frequency (RF) magnetron sputtering [7], pulsed laser deposi-
tion [8], electron beam evaporation [9], spray pyrolysis [10],
and electrodeposition [11]. Recently, fabrication of ZnO films
by the filtered cathodic vacuum arc (FCVA) technique has
aroused interest because of the readily adjustable deposition

parameters, low growth temperature, and convenient in-situ
doping using an overlying plasma [12]. Furthermore, the high
kinetic energies of the precursors produced by the FCVA
technique are believed to play a key role in the realization of low
temperature deposition.

We have recently attempted to deposit ZnO films using
hybrid plasma deposition in an immersion configuration. In this
method, a zinc cathode is triggered to produce the zinc plasma,
and oxygen gas is simultaneously fed into the chamber [13].
The zinc plasma is guided through a curved magnetic duct to
eliminate deleterious macro-particles [14] and then transported
into the processing chamber. The zinc plasma interacts with
oxygen in the vacuum chamber and a dual zinc–oxygen plasma
is formed to conduct deposition. Using this technique, highly
(1000) oriented ZnO films were fabricated on silicon substrates.
The optical properties of another series of ZnO films deposit-
ed on fused quartz employing similar conditions were investi-
gated using UV–visible spectrophotometry. The absorption of
the C-exciton resulting in a blue-shift of the band gap at room
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temperature was observed to be accentuated due to the (1000)
orientation (a //n) of the ZnO film and other effects are
discussed in this paper.

2. Experimental details

The substrates used in our experiment were p-type (1000)
silicon wafers with a resistivity of 10–30Ω·cm and fused quartz
glass. The base pressure in the vacuum chamber of our plasma
immersion ion implanter equipped with a cathodic arc vacuum
arc source was about 1×10−5Torr [15–17]. The zinc plasmawas
formed by the cathodic arc source, guided through a magnetic
filter to reduce detrimental macro-particles, and drifted into the
vacuum chamber. Oxygen gas (flow rate: 20 sccm; pressure:
∼1.0×10−3Torr) was simultaneously bled into the vacuum
chamber during deposition and interacted with the drifting zinc
plasma thereby producing a dual plasma consisting of both zinc
and oxygen ions. The samples that were biased to −300 V were
positioned about 10–20 cm from the exit of the plasma stream.
Samples A and B consisting of ZnO deposited on Si substrates at
a substrate bias of −300 V were positioned at different distances
from the plasma source (10 cm for sample A and 20 cm for
sample B). The experimental conditions used to prepare samples
1 and 4 were similar to those of samples A and B, except that the
substrates were fused quartz. Sample 2 was produced using a
bias of −100 V which shifted the crystal orientation of the film.
With regard to sample 3, a small amount of N was incorporated
into the ZnO film at a bias of −300 V. Rutherford backscattering
spectrometry (RBS) was performed on the samples using a
2MeV 4He++ beam and a backscattering angle of 170° to
determine the film thickness as well as the Zn and O contents.
The growth rates were 1.0–2.1 nm/min.

3. Results and discussion

The typical XRD patterns acquired from two ZnO films
deposited on Si at distances of 10 cm (A) and 20 cm (B) are
shown in Fig. 1. The two diffraction peaks observed around
31.2° and 64.9° are those of (1000) and (2000) ZnO, where the
c axis is parallel to the substrate surface. A weak peak around
28.1° can be attributed to (002) Si. The sharp and intense (1000)
and (2000) peaks indicate that the films are highly oriented.
Insets (a) and (b) present a typical surface AFM (atomic force
microscopy) and cross-sectional SEM (scanning electron
microscopy) images of the film B. The film has a very smooth
surface with a root mean square (rms) roughness of about 3 nm.
Based on the cross-sectional image shown in inset (b), it can be
inferred that textured deposition onto Si has been conducted
successfully.

Although the optical band gap in ZnO single crystals has
been documented [18], there are substantial variations as a
result of the distortion of the band gap due to factors such as the
grain size [19], positive charge of the donor atoms [20], thermal
mismatch and strain between the film and substrate [20,21],
Burstein–Moss (BM) effect [22], and C-exciton absorption
[23]. In order to investigate the band gap of our ZnO films,
various types of ZnO films were fabricated on fused quartz
using similar parameters and then characterized utilizing UV–
visible spectrophotometry. The XRD patterns of these samples
are shown in Fig. 2. The inset shows α2 as a function of incident
radiation and the band gap is determined by extrapolating the
linear portion of the curve. The film parameters are shown in
Table 1. The band edge of the (100) ZnO structure (No. 4,
3.405 eV) is larger by 61 meV than that of (0002) ZnO film on
fused quartz (No. 1, 3.344 eV). Quantum confinement effects

Fig. 1. X-ray diffraction patterns obtained from ZnO films deposited on Si at two different distances (A: 10 cm and B: 20 cm). Shown in inset (a) is the surface AFM
micrograph and inset (b) the cross-sectional SEM micrograph [the scale bar is 100 nm] of sample B.
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