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Seeded Porous Silicon Preparation as a Substrate in the Growth
of ZnO Nanostructures
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Abstract. In this work, seeded porous silicon (PSi) was used as a substrate in the growth of ZnO
nanostructures. PSi was prepared by electrochemical etching method. ZnO thin films as seeded
were deposited via sol-gel spin coating method. ZnO nanostructures were grown on seeded PSi
using hydrothermal immersion method. In order to study the effect of post-heat treatment on the
substrate, post annealing temperature were varied in the range of 300 to 700 °C. The FESEM results
shows ZnO thin film composed of nanoparticles were distributed over the PSi surface. Based on
AFM characterization, the smoothest surface was produced at post annealing temperature of 500
°C. There are two different peaks appeared in PL characterization. The peak in near-UV range is
belonging to ZnO thin films while a broad peak in visible range can be attributed to ZnO defects
and PSi surface. In addition, FESEM, XRD and PL were used to characterize the ZnO
nanostructures. The FESEM results revealed ZnO nano-flower were successfully grown on seeded
PSi. Hexagonal wurtzite of ZnO with dominated by the plane (100), (002), and (101) was found by
XRD characterization. Two different peaks in UV range and visible range can be attributed to ZnO
nano-flower and various defects of ZnO, respectively.

Introduction

Special characteristic of a wide band gap of 3.37 eV and a large binding energy of 60 meV
make ZnO semiconductor become a potential material in optoelectronic device applications. ZnO
nanostructures doped by Aluminum were studied by Mamat et al. for ultraviolet photoconductive
sensors [1]. Baek et al. have studied hybrid silicon wire and planar solar cells for solar cell
application as a potential renewable energy source [2]. In addition, Kim et al. have proposed that
the photoluminescence (PL) properties of ZnO nanostructures grown on PSi can be applied to white
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light emitting devices [3]. Several methods have been used to produce ZnO nanostructures
including radio frequency (RF) magnetron sputtering, pulsed laser deposition, chemical vapour
deposition, atomic layer deposition, sol-gel deposition and hydrothermal immersion deposition [4-
10]. Among them, hydrothermal immersion method was very popular due to simplicity, low cost
and can be conducted in low-temperature. Self-assembly deposition such as hydrothermal
immersion method need a nucleation site called seed layer or catalyst to produce high crystalline
quality nanostructures [11]. In this work, ZnO thin films were deposited on PSi using spin coating
method. Then, the ZnO nanostructures were grown on seeded PSi via hydrothermal immersion
method.

Experimental

P-type silicon was cleaned using acetone, methanol and diluted hydrofluoric acid (HF)
before being etched via electrochemical etching [12]. A mixture of HF 48% and absolute ethanol
was used as an electrolyte. The etching process was assisted by current densities of 20 mA/cm? and
potential difference of 100 V for 20 minutes. In order to prepare ZnO thin film as a seed layer on
PSi, sol-gel spin coating was employed. Zinc acetate dihydrate, diethanolamine, and isopropyl were
used as starting material, stabilizer and solvent, respectively. The rotation per minute (rpm) of spin-
coater was maintained at 300 in 60 s [13]. The seeded PSi was treated in various annealing
temperature in the range of 300 to 700 °C. Then, the sample was characterized using field emission
scanning electron microscopy (FESEM), atomic force microscopy (AFM), and photoluminescence
(PL) spectroscopy. ZnO nanostructures were grown on the selected seeded PSi substrate via
hydrothermal immersion method. Zinc nitrate hexahydrate, hexamethylenetetramine (HMTA), and
deionized water were used as a starting material, stabilizer and solvent respectively [14]. The
surface morphology and the crystallinty were studied using FESEM, and X-ray diffraction (XRD)
spectroscopy, respectively. The optical property was investigated using PL spectroscopy.

Result and discussion

Fig. 1 shows the FESEM and AFM images of seeded PSi that treated in different post-
annealing temperatures. Based on the figure, the seeded PSi was composed by ZnO nanoparticles.
The particle size of 24.7 nm increased to 25.6 nm when the annealing temperature was increased
from 300 °C to 400 °C. This phenomena has also been observed by other researcher [15]. It can be
explained by thermal expansion where the kinetic energy of an atom increases due to the increase of
post-annealing temperatures. However, the average particle size decreased to 21.4 nm at annealing
temperature of 500 °C. This can be explained by the re-arrangement of atom within the ZnO
nanoparticles. The atom has sufficient thermal energy and can move to any space within the particle
and crystalline arrangement. Therefore, the size of the particle decreases due to the ability to fill the
space within the crystalline structure. It is believed that the crystalline quality has also increased
because the atom will move to the most favourable position [16]. Furthermore, the atoms will move
to adjacent particles at 600°C and 700 °C, therefore, they will merges together and subsequently
form a larger particle. In addition, the increases of the annealing temperature were increased the
thermal energy including the particle surface energy [17]. So, it was merged to adjacent particles to
minimize the surface energy. The average surface roughness of seeded PSi was analysed by using
AFM characterization instrument. The average surface roughness of ZnO thin film surface is 1.51
nm at annealing temperature of 300 °C and increases to 1.64 nm at 400 °C. However, the average
surface roughness decreases to 1.47 nm at 500 °C. Then it becomes rougher once more when
increasing the annealing temperatures. The average surface roughness of nanostructured film is
increased at 400 °C due to non-uniformity of ZnO nanoparticles size. At annealing temperature of
500 °C, the crystalline quality increases due to the atom arrangements being in favourable position
and therefore making the average surface roughness decrease [18]. Besides, the size of ZnO
nanoparticles was more uniform at this annealing temperature as seen in FESEM images. The
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average surface roughness increases when the post-annealing temperature was increased from 500
°C to 600 °C. This may be attributed to the non-uniform in the increases of ZnO nanoparticles size.
The same phenomenon was also seen when the post-annealing temperature increased to 700 °C. As
discussed before, the increment of ZnO nanoparticles may be related to the increases of its surface
energy. It tends to merge with its adjacent particles to reduce the surface energy [19]. The non-

uniform ZnO particles sizes contribute high average surface roughness.

Fig. 1, FESEM images of
nanostructured ZnO film deposited
on PSi with post annealing of (a)
300 °C, (b) 400 °C, (c) 500 °C, (d)
600 °C and (e) 700 °C (The
inserted picture is the AFM image)
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Fig. 2, PL spectra of nanostructured ZnO film
in post annealing temperatures of (a) 300 °C,
(b) 400 °C, (c) 500 °C, (d) 600 °C and (e) 700
°C
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Fig. 3, The FESEM image of the ZnO
nanostructures on the seeded PSi
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Fig. 4, The XRD pattern of ZnO

nanostructures on seeded PSi

Fig. 5, The PL spectra of the ZnO
nanostructures on seeded PSi

Fig. 2 shows the PL spectra of the seeded PSi in the range of 350 nm to 900 nm. In general,
the findings show three distinct peaks at UV-blue region, green-yellow region and red region. The
first peak, in UV-blue region is relates specifically to the ZnO nanoparticles; the second peak in
green-yellow region is relevant to the defects of nanostructured ZnO film; and the third peak, within
the red is due to the PSi surface [20]. Fig. 3 shows the FESEM images of the ZnO nanostructures
on the seeded PSi template. Based on the figure, it was produced flower-like structures of ZnO. The
petals were composed of ZnO nanorod with ZnO nanoparticles still can be seen on the top of it.
XRD spectrometer was used to study the structural properties of ZnO nanostructures. Fig. 4 shows
the XRD pattern of the ZnO nanostructures on seeded PSi. As can be seen, several diffraction peaks
were observed in the range of 30° to 60°. It can be attributed to the presence of ZnO nanostructures
and seeded PSi template. Peak of (100), (002), (101), (102) and (110) correspond to hexagonal ZnO
wurtzite can be observed apparently (JCPDS No: 36-1451). Besides, peak of impurity corresponds
to silicon was also appeared in between of plane (100) and (002), located at ~33.2° for all samples
(JCPDS No: 17-0901) [21, 22]. Fig. 5 shows the PL spectra of ZnO nanostructures on seeded PSi in
the range of 350 nm to 900 nm. As can be seen, two distinct peaks are appeared where low emission
peak intensity located within UV region and high intensity within the visible region. In the UV
region, it can be attributed to the intrinsic property of the wurtzite ZnO and excitonic recombination
[23, 24]. On the other hand, the visible region can be ascribed to the radial recombination of photo-
generated holes with single ionized charge states of specific defects, such as oxygen vacancies or
zinc interstitials [25-27].

Conclusion

As a conclusion, the result revealed that the temperature is highly influenced the formation of ZnO
thin films. Then, the ZnO nano-flower was successfully grown on seeded PSi. The XRD result
shows the formation of hexagonal ZnO wurtzite. In PL spectra, two peaks are appeared in UV and
visible region. It can be attributed to the excitonic recombination in the UV region and ZnO defects
in the visible region.
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