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We present here the results on the preparation and characterization of highly oriented ZnO microrods
fabricated on SiC substrate via a vapor solid route. These ZnO microrods grow along the c-axis perpen-
dicularly to the substrate and are well separated from each other. Photoluminescence (PL) due to the
band-gap emission (centered at 380 nm) and defect-related deep band emission (centered at 530 nm)
were observed. Tunable PL intensities of these two bands were achieved by acid etching for varying

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Recently, one-dimensional (1D) ZnO micro/nano-structures
such as wires, rods, tubes have drawn much research interest
because of their potential capabilities in constructing novel elec-
trical and optical devices [1,2]. Large scaled and highly oriented
micro/nano-structures are highly desirable for both research stud-
ies and industrial applications. Many attempts have been reported
for the synthesis of arrayed ZnO micro- or nano-structures. Ori-
ented ZnO microtubes and microrods have been prepared by
aqueous thermal decomposition of Zn?* amino complex [3,4]. Well
aligned vertical ZnO nanopillars were fabricated by epitaxial elec-
trodeposition [5] and wet chemical deposition [6]. Growing of
ordered ZnO nanowire or nanorod arrays were demonstrated by
using nanosphere lithography [7-9] and electron beam lithography
[10,11]. However, these available methods usually refer to compli-
cated preparation procedure [10-14] or introduce foreign metal
catalysts (such as Au, Co, etc.) [15-18]. Therefore, a catalyst-free
synthesis of well oriented ZnO arrays via a facile way is still highly
desired. In addition, tuning photoluminescence (PL) properties,
including changing luminescent peak position and peak intensity,
has been a hot topic for its potential applications in multiplexed
labeling [19-21], biological sensing [22,23] and light-emitting dis-
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playing [24]. Visible PL in ZnO is interesting since it has potential
applications for cell labeling [25]. Besides, the defect related visi-
ble emission can be needed to generate white light in low voltage
field emission displays. Many techniques have been presented to
tune PL such as element doping [26], size altering [27,28], and poly-
mer bonding [19], yet much more convenient method needs to be
developed to meet industrial need.

In this paper, we present a facile technique for fabrication of
highly oriented ZnO microrod arrays by chemical vapor deposi-
tion (CVD) method on 6H-SiC substrate without using any catalyst.
PL results indicate that there exist two emission bands located
at UV and visible wavelengths which correspond to the band-gap
and defect-related emission, respectively. The PL intensities can be
tuned by acid etching which provides useful information for optical
applications of ZnO material.

2. Experimental

The growth process was carried out in a quartz tube, which was located in the
central of a conventional horizontal furnace [29]. In a typical procedure, a mix-
ture of ZnO and graphite powders in a certain ratio (1:1 by weight) was loaded in
an alumina boat which was then placed in the central heating zone of the quartz
tube. 6H-SiC substrate, having been ultrasonically cleaned with deionized water
and ethanol before, was then put 5 mm downstream to collect products. The quartz
tube was pumped mechanically and then purged with argon to clean away the traces
of impurity gases. After repeating this procedure three times, the tube was heated
t0 990°C in 60 min under an argon flow of 20 sccm (standard cubic centimeters per
minute). Oxygen with a flow rate of 2 sccm was introduced when the temperature
reached 990 °C while keeping argon flow rate remaining constant. Then the system
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Fig. 1. Scanning electron microscope image of the aligned ZnO microrod arrays in
a tilted view.

temperature was kept at 990 °C for 40 min. The power was shut off and the fur-
nace was cooled down to room temperature. Then, a thin layer of white product
was obtained on the 6H-SiC substrate. Tartaric acid with a concentration of 0.3 mM
was used to corrode the obtained product at room temperature for 9, 13 and 16 h,
respectively.

The obtained product was characterized by using X-ray powder diffraction
(XRD), field emission scanning electron microscopy (SEM), energy-dispersive X-
ray spectroscopy (EDX) and high-resolution transmission electron microscopy
(HRTEM). The PL properties were characterized using He-Cd laser with an excitation
wavelength of 325 nm at room temperature.

3. Results and discussion

Fig. 1 is the SEM image of the as-grown ZnO microrod arrays in
a tilted view in which the uniform morphology and well alignment
features were shown clearly. The majority of the products have a
diameter of 0.5-1.5 wm and an approximate length of 50 pum. EDX
(Fig. 2a) shows that the products consist of zinc and oxygen ele-
ment. In XRD pattern (Fig. 2b), two main peaks located at ~34.3°
and ~72.6° correspond to (002) and (004) peak of the wurtzite
ZnO, respectively. This indicates that the c-axis of the microrods
was perpendicular to the substrate surface, which is in good accor-
dance with SEM image as shown in Fig. 1. Besides ZnO peaks, two
more peaks at ~35.5° and 75.2° which can be assigned to the 6H-SiC
substrate (006) and (001 2) planes, respectively. In order to fur-
ther gain the information of the crystal structure, TEM analysis was
performed. Fig. 3a is a TEM image of a microrod removed from
the arrays which shows uniform diameter along the stem. HRTEM
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Fig. 2. (a) X-ray diffraction patterns and (b) EDX spectra of the products.

(Fig. 3b) recorded from the same microrod in Fig. 3a indicates that
the microrod is of single-crystalline nature and grows along [000 1]
direction. According to the experimental results, we proposed the
growth mechanism for the highly oriented ZnO microrod arrays
as following. The initial products of zinc reacting with oxygen are

Fig. 3. Transmission electron microscopy image of (a) a single ZnO microrod mechanically scrapped off the substrate and (b) HRTEM image of the same microrod.



6944 K. Zhu et al. / Journal of Alloys and Compounds 509 (2011) 6942-6945

SOQ' nm
e

Fig. 4. SEM images of ZnO microrod arrays after acid erosion for 9h (a), 13 h (b) and 16 h (c).

suboxides (ZnOx, x < 1) because of the deficient amount of oxygen
in the tube. Since Zn and ZnOy (x<1) have low melting temper-
ature, they should be in vapor phases at high temperature zone.
Then, these vapor phase species can be carried by the argon onto
the SiC substrate to form liquid droplets randomly, which provide
idea adsorption site for zinc and oxygen atoms. Due to the lattice
match with SiC substrate and the growth habits that ZnO grow-
ing along [000 1] direction occurs faster than growing in prismatic
directions [30,31], one dimensional ZnO microrods along [0001]
were formed consequently. Fig. 4 illustrates the SEM images of
the acid etched ZnO microrod arrays. It can be noted that the
surfaces of the microrod arrays become rougher and the diame-
ters become thinner as etching duration extends from 9h to 16 h,
clearly shown in Fig. 4a-c. Furthermore, the upper part of the arrays
was corroded more severe than the lower part on the whole. We
attribute this result to relative low crystalline quality in the upper
part.

The PL properties of the arrays with different erosion times
were characterized as shown in Fig. 5. It can be indicated that
ZnO exhibits mainly two PL bands located at UV and visible
wavelengths, corresponding band-gap emission and defect-related
emission, respectively. It can be observed clearly from Fig. 5 that
the intensity of the band gap emission becomes weaker while the
defects emission becomes stronger as the erosion time extends.
The reason assigned for decrease in band-to-band emission may
be due to the surface state defects induced by etching and sample
consumption. Some photons radiated from band to band may be
absorbed during emitting by the surface defects. With the increase
of etching time, the surface defects increase and more photons were
absorbed. Therefore, the intensity of band emitting decreases with
the etching time. Chemical etching is an efficient way to induce
defects which has been used to tailor crystal properties [32,33]. In
this case, the etching rate for zinc and oxygen atoms on the ZnO
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Fig. 5. PL properties of ZnO microrod arrays with different erosion times.

microrod surface may be different, thus the introducing of sur-
face state defect is quite possible. Bgrseth et al. indicated a Vg (O
vacancy) related defect level at around 2.53eV (~475nm) and a
Vzn (Zn vacancy) related defect level at around 2.35eV (~510 nm)
in the visible spectrum in single crystal ZnO [34]. However, in
this work, the increase of structure defects is unlikely during ero-
sion process. Therefore, the rise of the defect emission should be
explained by the increase of surface states rather than vacancy
defects.



K. Zhu et al. / Journal of Alloys and Compounds 509 (2011) 6942-6945 6945

4. Conclusion

Large-area highly oriented ZnO microrod arrays were success-
fully deposited on 6H-SiC substrate by a facile CVD method. PL
intensities between band gap emission and defect-related emission
can be tuned by acid etching for varying durations. The intensity of
the band gap emission becomes weaker while the defects emis-
sion becomes stronger as the erosion time extends. This provides
a potential way to control the PL properties of ZnO materials and
possibly shed light on the mechanism of PL in semiconductors.
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