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In this work, we report the preparation and characterization of nanostructured ZnO
film prepared by a novel technique of oxidation of zinc film. Zinc thin films of
thicknesses 100, 200 and 500 nm were deposited on oxidized Si wafer by thermal
evaporation technique. The as-deposited films were then annealed in a furnace for 6
hours under normal atmospheric condition. The annealing was carried out in the
temperature range 100-500 °C. Electron microscopic studies indicated that the film of
100 nm thickness consisted of hexagonal nanodisks while the 200 nm film resulted in
stack of nano hexagonal disks of ZnO after annealing. On the other hand, the 500 nm
film contained mixture of nanoflakes and nanowires of ZnO following annealing. The
growth of ZnO nanostructures depends on annealing temperature and the Zn film
thickness. The nanostructures of ZnO can be grown on large area (2 inch oxidized
silicon wafer in present case) thus making it feasible to use these for device
fabrication such as gas sensors. The X-ray diffractogram (XRD) study has been
carried out to investigate the crystal structure. Possible mechanism is proposed to
explain the growth of these ZnO nanostructures.
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1. INTRODUCTION

Recently, the semiconducting nanostructures such as nanowires, nanorods,
nanotubes, and nanobelts have caught considerable attention due to their
potential application in diverse fields such as electronics, optoelectronics,
and sensor devices [1]. The devices fabricated from the nanostructures are
expected to have a unique and interesting quality due to quantum
confinement effect and dimensionality. Zinc oxide (ZnO) is a wide band gap
semiconductor, which is an excellent candidate for use in semiconducting,
photoconducting, piezoelectric and optical waveguide materials [2-4]. It has
a hexagonal close-packed structure (wurtzite type) with a band gap of
3.37 eV, and a large exciton binding energy of 60 meV [2]. It also exhibits
excellent piezoelectric, chemical, and optical properties for various
applications such as ultraviolet—blue emission devices, piezoelectric devices,
and vapor gas sensor devices [5]. ZnO nanostructure can be synthesized by
various techniques such as chemical vapor deposition (CVD) [6], pulsed laser
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deposition (PLD) [7], metalorganic vapor phase expitaxy (MOVPE) [8],
molecular beam epitaxy (MBE) [9], electrochemical deposition [10], thermal
evaporation [11, 12] and sputtering [13,14].

In the present work, we report synthesis of ZnO nanostructures by
oxidation of zinc thin films without using a catalyst. The ZnO nanostructures
were grown on large area (2 inch diameter oxidized silicon wafer) thus making
it feasible to use these for device fabrication such as gas sensors.

2. EXPERIMENTAL WORK

Zinc films were deposited using thermal evaporation. The silicon substrates
were cleaned by standard cleaning procedures and SiO, (1 pm) was grown by
thermal oxidation process. The zinc deposition was carried out without any
external substrate heating. The thickness of the zinc film was kept to be
100 nm, 200 nm and 500 nm. As-deposited zinc films of 100 nm, 200 nm
and 500 nm were placed in a ceramic boat and heated to 100 °C, 200 °C and
500 °C respectively in air for 6 hours in a box furnace. Before unloading the
annealed films from the furnace, these were allowed to cool down to room
temperature. It was observed that, following the annealing process, the color
of the films turns white from the gray color of zinc films. XRD
measurements of the annealed films were performed on Philips X-ray
diffractometer (Model: XPert) and diffracted intensities were collected in
60— 260 scan mode. Scanning electron microscope (Zeiss, EVO 50) was used for
observing the surface morphology of the annealed films.

3. RESULT AND DISCUSSION

To know the crystallographic orientation of the annealed films, the XRD
patterns were obtained. These are shown in Fig. 1. It was found that the
annealed film was ZnO with hexagonal wurtzite structure (JCPDS 36-1451).
In addition, the intensity of diffraction peaks from Zn was found weaker as
thickness and annealing temperature increased.

Surface morphology of ZnO film obtained by annealing of 100 nm Zn film at
100 °C for 6 hours is shown in Fig. 2 a. The SEM picture of the corresponding
Zn film before annealing is shown in Fig. 2 b. Randomly placed hexagonal disk-
like structures having a perfect hexagonal geometry were observed for ZnO.
The hexagonal blocks had size ranging from 200 nm to 600 nm. As mentioned
earlier, no catalyst was used in the growth of the ZnO nano hexagonal blocks in
this study. Accordingly, the vapor-liquid-solid (VLS) mechanism cannot be
responsible for their growth. The following mechanism is proposed for the
growth of hexagonal discs. For the 100 nm Zn film, the SEM picture shows
nano-sized discrete particles evenly spread over the continuous Zn film. On
annealing at 100 °C for 6 h in air, these Zn nanostructures grow in size
forming ZnO hexagonal blocks ranging in size from 200-600 nm.

The increase in hexagonal size is presumably due to growth of ZnO from
much smaller nuclei of Zn present in the original film [15-16]. It is further
presumed that the Zn material present as continuous film is almost fully
consumed in this process to give comparatively large sized hexagonal
structures of ZnO. This hypothesis is supported by a very weak peak of Zn
observed in the XRD of the annealed film, which primarily shows peaks
corresponding to ZnO only.
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Fig. 1 — XRD results of ZnO film (a) 100 nm Zn film after annealing at 100 °C, (b)
200 nm Zn film after annealing at 200 °C and (c¢) 500 nm Zn film after annealing
at 500 °C. The annealing time is 6 hours for all the samples
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Fig. 2 — SEM image of (a) ZnO film after annealing Zn film (100 nm thick) at
100 °C for 6 h, (b) as-deposited Zn film (100 nm thick).

Fig. 3 a and Fig. 3 b respectively shows surface morphology of the ZnO
film obtained by annealing at 200 °C for 6 hours and the corresponding as-
deposited Zn film having 200 nm thickness. From Fig. 3 a, it can be
inferred that annealing results in the stacks of well defined nanodisks grown
perpendicular to the growth axis but otherwise randomly arranged. From
the XRD pattern of Fig. 1 b, it can be observed that all diffraction peaks
match with the wurtzite structural ZnO. The strong diffraction peaks appear
at 31.8° and 36.5°, which correspond to 100 and 101 planes of wurtzite ZnO.
It is further observed that the peak corresponding to Zn is now almost
absent in the XRD. This implies that complete conversion of Zn into ZnO
has been accomplished. The mechanism responsible for the growth of stack
of ZnO nanodisks is not fully understood.
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Fig. 3 — SEM image of (a) ZnO film after annealing Zn film (200 nm thick) at
200 °C for 6 h, (b) as-deposited Zn film (200 nm thick)

Fig. 4 a and b respectively shows surface morphology of the ZnO film
obtained by annealing at 500 °C for 6 hours and the corresponding as-
deposited Zn film having 500 nm thickness. The Zn film (500 nm) annealed
at 500 ‘C for six hours resulted in growth of microflakes with small
percentage of nanowires. The microflakes and nanowires were randomly
orientated with respect to the surface of the oxidized silicon substrate. The
diameters of the ZnO nanowires were between 100 and 150 nm, and the size
of the microflakes was in the range of 1-4 um. The XRD spectra of highly
oriented thin film of ZnO has a predominant (002) reflection [17]. In
contrast, Fig. 1 ¢ shows that the (0 0 2) reflection is weaker than the (100),
(101) and (110) reflections. As reported elsewhere [17-18], the weaker (002)
reflection indicates that the ZnO microflakes and nanowires were
polycrystalline. This image provides evidence of oriented attachment
growth, and that the ZnO microflakes matrix was composed of many
nanoparticles attached side-by-side. A similar phenomenon was also observed
by other workers in undoped ZnO nanorods, hollow micro-hemispheres [19]
and co-doped ZnO nanosheets-based structures [20].

Fig. 4 — SEM image of (a) ZnO film after annealing Zn film (500 nm thick) at
500 °C for 6 h, (b) as-deposited Zn film (500 nm thick)

When the annealing temperature for 500 nm film was decreased to
300 °C, ZnO nanoparticles having a uniform size were observed, as shown in
Fig. 5. This shows that the higher temperature of annealing (500 °C) favors
the formation of the microflakes with small percentage of nanowires.
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Fig. 5 — SEM image of ZnO film after annealing Zn film (500 nm thick film) at
300 °C for 6 h

4. CONCLUSIONS

In summary, we have demonstrated a simple and convenient route for
synthesis of ZnO nanostructures on oxidized silicon wafers without using
any catalyst. In particular, zinc film of 200 nm thickness and annealed at
200 °C for 6 h. results in well defined stack of hexagonal nanodisks. The
type of growth of ZnO nanostructures strongly depends on thickness of zinc
film, annealing temperature and time. These nanostructures can be used as a
class of ZnO semiconducting nanostructures for device fabrication.
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