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Abstract

ZnO Nanostructures have been successfully deposited on of Porous silicon (PSi) via wet colloid chemical approach. PSi was prepared by
electrochemical etching method. ZnO/PSi thin films were annealed in different temperature in the range of 300 °C to 700 °C. Surface
morphology studies were conducted using field emission scanning microscopy (FESEM). Flower-like structures of ZnO were clearly
seen at annealing temperature of 500 °C. The X-ray diffraction spectra (XRD) have been used to investigate the structural properties.
There are three dominant peaks referred to plane (100), (002) and (101) indicates that ZnO has a polycrystalline hexagonal wurtzite
structures. Plane (002) shows the highest intensities at annealing temperature of 500 °C. Based on plane (002) analysis, the sizes were in
range of 30.78 nm to 55.18. In addition, it was found that the texture coefficient of plane (002) is stable compared to plane (100) and

(101).
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1. Introduction

Metal oxide thin films have been extensively studied in the last
few decades. Zinc oxide (ZnO) is one of them. It becomes popular
due to properties of a large exciton binding energy of 60 meV and
and a wide band gap (E,) of 3.37 eV [1]. In addition, good chemi-
cal and thermal stability, non-toxic material and high transparency
in room temperature are additional advantages in devices fabrica-
tion [2]. There are various structures of ZnO have been produced
such as nanoparticles, nanorods, nanowires, nano-flower and hon-
ey-comb [3-6]. The structure are highly depends on the methods
applied such as hydrothermal, RF sputtering, sol-gel synthesis and
pulsed laser ablation [7]. Among them, hydrothermal is the most
practical for cost-effective method. In addition this method is con-
trollable and implemented in low temperature. In substrate selec-
tion, silicon is the most popular due to its abundance in the earth
crust. However, large mismatch between ZnO and silicon make it
very challenging to deposits ZnO on silicon surface [8, 9]. As an
alternative, modifications of silicon surface are required. The sili-
con surface modified into porous to make the surface contact be-
come larger.

2. Method

Wet colloid chemical approach was employed to synthesis ZnO
nanostructures on PSi. PSi was prepared using electrochemical
etching. Then, the ZnO thin film was deposited on PSi using sol-
gel spin coating method as a seeded. Flower-like ZnO nanostruc-

tures were grown on PSi via simple hydrothermal method. Zinc
nitrate hexahydrate (Zn (NO3),.6H,0) was used as starting materi-
al while the hexamethylenetetramine (HMTA) as a stabilizer and
dionized water as a solvent. The molarities of precursor were
maintained at 0.2 M. PSi substrate was immersed into the ZnO
precursor at 90 °C for 4 hours. It was followed by post-annealing
heat treatment. The temperatures were varied from 300 °C to
700 °C. The field emission scanning microscopic (FESEM) was
used to study the morphology of ZnO nanostructures. The struc-
tural property was investigated using X-ray diffraction (XRD)
spectroscopy.

3. Results and Discussion

Surface morphologies were investigated using FESEM characteri-
zation. Fig.1 shows the FESEM images of PSi and ZnO
nanostructures on seeded PSi. Samples were treated by different
post-annealing temperature in range of 300 °C to 700 °C. ZnO
nanostructures were agglomerate when annealed at 300 °C. The
structures also cannot be identified. A flower-like structure has
been produced at annealing temperature of 500 °C. It can be seen
that the nano-flower is combination of ZnO nanorod. It was merg-
es with adjacent nanostructures at post annealing temperatures of
700 °C to form of hexagonal island-like structures. The FESEM
result shows that, post annealing temperatures are highly affecting
the growth of ZnO nanostructures. Suggested that colloidal of
ZnO have been formed within the solution. Furthermore, the
growth of ZnO nanostructures in different structures may occur
during post-annealing.
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Fig. 1: FESEM images of (a) PSi and ZnO nanostructures deposited on
seeded PSi with molarity of (b) 300 °C , (c) 500 °C and (d) 700 °C

Fig.2 shows the XRD patterns of ZnO nanostructures treated with
different annealing temperatures. Three dominant peaks referred
to plane (100), (002) and (101) of ZnO nanostructures (JCPDS No:
36-1451) are appeared. Besides, plane of (102) and (100) are also
seen in low intensity. This result indicates that ZnO has a poly-
crystalline hexagonal wurtzite structures [10]. Some impurities
were found at annealing temperatures of 300 °C, 400 °C and
500°C which attributed by PSi substrate (JCPDS No: 17-0901) [11,
12]. This peak located in between plane of (100) and (002). The
absence of PSi peak at annealing temperatures of 600 °C and
700 °C may be all surfaces may be covered by ZnO nanostructure
at higher post-annealing temperature. Peak of plane (100) located
at 32.08° to 32.21° (002) located at 34.70° to 34.92° and (101)
located at 36.52° to 36.72°. As can be seen, peak position slightly
shifted to higher diffraction angle when annealing temperatures
increased. The same phenomena have been found by Gao et. al.
[13]. This is due to effect of strain within the crystalline.
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Fig. 2: XRD grating of ZnO nanostructures in different post-annealing
temperatures of (a) 300 °C, (b) 400 °C, (c) 500 °C, (d) 600 °C and
(e) 700 °C

Table 1 shows the plane distance, d and crystallite size, D in dif-
ferent annealing temperature. Plane distance of each plane in was
calculated by Bragg’s formula in Equation (1). Besides, an estima-
tion of crystalline size, D based on plane distance for each plane is
also calculated using Equation (2). The parameter of /, d, and 6
represents sources wavelength, plane distance and peak position in
radian. In this study, 0.154 nm of Cu Ka radiation was used as
sources [14].

A = 2dsinf Q)

Scherrer’s formula was used to estimate the crystalline size by
using plane distance, d for each plane. It can be represented by

KA
b= Bcos6 (2)

where D, K, 4, 8, and 6 represents crystallite size, Scherer’s con-
stant (0.9), X-ray wavelength, FWHM and peak position respec-
tively [11]. This equation shows that crystallite size, D is directly
influenced by the FWHM and peak position of each plane.

Table 1: FWHM of plane distance and crystallite size of plane (002) in
different annealing temperatures

Annealing .
Temperatures FWHM (°) Plang (é'ns;?; ce, Size (nm)

(©)

300 0.223 0.2581 37.02
400 0.151 0.2581 55.18
500 0.170 0.2578 49.1
600 0.260 0.2569 32.11
700 0.270 0.2566 30.78

Generally, FWHM increases due to increase of due to increases of
annealing temperatures. The increases of the FWHM are related to
the decreases of crystallite size. The plane distance is highly de-
pendent on peak position. The plane of (002) distance is consistent
with Urgessa et al. by using high resolution transmission electron
microscope [15].

Table 2 shows the lattice constant of ‘a’ and ‘c’, Zn-O bond length,
L and u, parameter used in bond length calculation in various mo-
larity. As a reference, lattice constant of ZnO from JCPDS 36-
1451 are ag= bg= 0.32498 nm and co= 0.52066 nm. Lattice con-
stant of ‘@’ and ‘¢’ of the ZnO wurtzite structure can be calculated
using the relation [14]

1_ 3(h2+hk+k2) + 12 @)

thl 3 a? c?

where dy represents distance between adjacent planes in the Mil-
ler indices (hkl). Parameter of ‘a’ and ‘c’ are the lattice constant.
The lattice constant ‘a” is obtained from plane (100) with relation

o =3() @

while, the lattice constant ‘c’ can be obtained from plane (002)
with relation

—== (5)
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From Equation (1), (4) and (5), the lattice constant ‘a’ and ‘C’ can
be derived as

a= V3 'sin@ (6)
2
¢= sin @ (7)

In order to find the bond length, L of Zn-O, lattice parameter ‘a’
and ‘¢’ were used in the relation [16]

=5+ G-v)e) ®

Where,
a2

Lattice constant of ‘a’ and ‘c’, bond length, L and parameter u
were summarized in Table 2. Lattice constant, bond length and u
parameter were calculated by using Equation (2), Equation (8),
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and Equation (9) respectively. Lattice constant was related to the
plane distance of Miller indices plane. Besides, bond length is
highly dependent on lattice constant and parameter u. Parameter u
is related to the ratio of lattice constant ‘a’ and ‘c’. The lattice
constant ‘a’ and ‘¢’ found may be reduced or higher compared to
theoretical value found from referred JCPDS (36-1451) due to
lattice strain of crystal. In case of lattice constant lower than theo-
retical, crystalline was compressed and expand if lattice constant
is higher. Fig. 3 shows the texture coefficient, TC of peak (100),
(002) and (101). In order to calculate the texture coefficient, TC
following equation was used [17]

I(hkl)
__ Tocuky
TChiry = iy z(h,d)>
N N(’O(hkn
where I integrated intensities corresponding to plane (hkl ) in
this study, logy is integrated intensities theoretically, and N is the
number of diffraction peak. It can be seen that the texture coeffi-

cient of plane is increase consistently shows that the crystalline of
ZnO grew with plane (002)-oriented.

(10)

Table 2: Lattice constant and bond length, L of based on peak (100), (002)
and (101) in different annealing temperatures

Annealing Temperature Lattice con- Bond Length, u
(°C) stant, (nm) L (nm)
300 2: ggiég 0.1959 0.3794
400 i: 8531223 0.1960 0.3797
500 i: 853125158 0.1959 0.3799
600 i: (())53123(‘)86 0.1952 0.3798
700 i: 853123(,);1 0.1949 0.3799

Hsu et al. have been studied the texture coefficient of ZnO
nanostructure grown on PSi [12]. They have suggested that, pre-
ferred orientation is exists if the texture coefficient is more than 1.
By referring the Equation (4.18), texture coefficients were calcu-
lated. In this case, three dominant peaks of (100), (002), and (101)
were considered and analyzed. Figure 4.26 shows texture coeffi-
cient of ZnO nanostructures in different annealing temperature.
As can be seen in Fig. 3, texture coefficients of (002) is more than
1 and stable except for annealing temperature of 600°C. This
result shows preferred orientation of ZnO nanostructure growth is
plane (002).
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Fig. 3: Texture coefficient of ZnO nanostructures in different post-
annealing temperatures of (a) 300 °C, (b) 400 °C, (c) 500 °C, (d) 600 °C
and (e) 700 °C

4. Conclusion

ZnO nanostructures were successfully synthesized using hydro-
thermal method. Flower-like ZnO were deposited on PSi at an-
nealing temperature of 500 °C. The crystalline size were found in
range of 30.78 nm to 55.18 nm. Besides, the bond length, L is ~
0.19 nm. In addition, based on texture coefficient, the preferred
orientation of ZnO nanostructure growth is plane (002).
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