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A B S T R A C T

The irradiation effect on ZnO tetrapods was studied by Pelletron Tandem
Accelerator at room temperature. ZnO tetrapods were synthesized by a
simple thermal oxidation method by the vapors solid mechanism. The
tetrapods were irradiated by phosphorous ion beam at different doses
(1x1014, 5x1014, 1x1015, 2.5x1015, and 5x1015 ions/cm2) having irradiation
energy of 1MeV. After irradiation, these samples were characterized by
scanning electron microscope (SEM), photoluminescence (PL), and energy
dispersive spectrum (EDS). Photoluminescence (PL) spectra of our samples
show that near band emission and deep level emission peaks increases with
increasing dose and these emission peaks are defects related peaks. The PL
spectra showed that the emission at 3.31eV and 3.26 eV attributed to a
conduction band of phosphorus-related acceptor transition and a donor to
the acceptor pair transition, respectively.

1. Introduction
Zinc oxide (ZnO), has gained much attention due to
its multifunctional properties, such as chemical and
photostability, the broad range of radiation
absorption, and high electrochemical coupling
coefficient making it attractive for potential use in
electronics, optoelectronics, and laser technology [1-
3].

Zinc oxide (ZnO) is a semiconductor material in
material science, belonging to Group II-VI, its
covalency lies between ionic and covalent
semiconductor materials. Because of the presence of
wide band-gap (3.37 eV), ZnO can be used in
electromechanical nano devices, solar cells [4], gas
sensors [5], sunscreen lotion (cream), cosmetic
wounds healing, anti-hemorrhoids, anti-bacterial
agent, eczema, and excoriation in the human
medicine [6-7]. ZnO exist in different nanostructures
such as nanowires [6-8], nanobelts [3], nanoneedles
[9], oriented nanorods [10], nanowire-nanobelt
arrays and nanoscale heterostructures [11],
nanobridges and nanonails [12] but ZnO
nanotetrapods (ZnO-T) structured materials have
unique shape and structure [13–15], which
considerably differ from other nanostructures. They
have potential applications in photonics, lasing
applications, and nano electronics [16–19]. Due to its
high resistivity, ZnO is appropriate for applications
of space and highly radiative environments

likeaccelerators and atomic reactors. Due to the
presence of native defects in ZnO such as zinc-
vacancy (VZn), oxygen-vacancy (VO), Zn interstitial
(Zni), O at VZn (OZn), oxygen interstitial (Oi),and Zn at
VO (ZnO)[20-22], it is a n-type semiconductor.

To getting reproducible and stable p-type still
ZnO is a very difficult task because of the presence of
deep acceptor levels,self-compensating process, and
low dopant solubility. So, more attempts have
alerted on producing p type ZnO materials. Elements
of Group-V (N, P, As, and Sb) were widely reported
for P-type ZnO [23]. Amongst the Group-V elements,
the radius of nitrogen is close to the oxygen so it can
be replaced at oxygen sites. This substitution
produced no considerable modification in the ZnO
lattice constant and phase. It gives both p and n-type
ZnO, but n-type is dominant in more cases. Doping
methods involve non-selective and non-localized
doping procedures, which are required for device
fabrication. An appropriate technique for doping and
defects creating is ion irradiation, which provides the
added advantages of lateral selectivity, an
appropriate doping area, and fluence control. Many
studies involving ions and electrons irradiation on
ZnO revealed that the irradiation modifies the
structural, optical, and electronic properties by
creating shallow point defects [24–29]. Many
researchers have successfully used the irradiation
process to make phosphorous implanted P-type ZnO
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thin films [30–32]. S. Nagar et al use Phosphorus
irradiationat low energy (50 keV) on ZnO films that
were grown by using a pulsed laser deposition
technique. In short we can say that when ion beams
irradiation pass through a target material, it
produces numerous changes in the target material’s
properties. These changes depend upon the ion type,
ions fluency, and ions energy. Different approaches
are used to synthesize ZnO nanotetrapods structure,
such as sol_gel, hydrothermal, arc discharge, vapor
phase evaporation technique, chemical vapor
deposition (CVD), laser ablation, and many others
[33]. All these approaches used catalysts, expensive
instrumentation, and toxic chemical which affect the
cost and purity of the samples. So attempts always
needed to introduce new low-cost approaches. Here
we introduced a very simple method to synthesize
ZnO nanotetrapods with highest purity in the
presence of atmospheric oxygen at the temperature
of 1000oC. This method is slightly modified from
Vapor-phase growth technique [34], Thermal
evaporation method [35], and Evaporation and
recondensation method [36].

In this study we have synthesized Zinc oxide
nanotatrapods (ZnO-T) structures using a simple
thermal oxidation method and samples were then
irradiated by phosphorus ions at different dose
values. The morphology of the ZnO tetrapods was
characterized by scanning electron microscope and
studied the photoluminescence (PL) of the phospho-
rous irradiated ZnO nano-tetrapods (ZnO-T).

2. Experimental method

Due to low cost, simplicity, and high yield the simple
thermal oxidation process was used for the synthesis
of ZnO-tetrapod. No catalyst is needed in this process.
Due to the high melting-point of ZnO high
temperature is needed. In this method, simply
metallic zinc (Zn) powder is placed directly in a
ceramic boat and then put this boat in a vented
electric furnace for 5 minutes which was already set
at 1000ºC (This temperature should be above the
boiling point of metallic Zn powder). Zn powder
evaporates and reacts with atmospheric oxygen to
form ZnO.After 5 minutes self-standing ZnO-
tetrapods were obtained, cooled down until the
furnace achieved room temperature, and collected.
Before dispersing tetrapod on Si substrates, the
substrates were cleaned by using a standard cleaning
method. ZnO-tetrapods powder mixed with ethanol
and then dispersed on Si substrates with the help of
a centrifuge (500rpm) and dispersion were
confirmed by SEM. The ion beam irradiation
experiment was taken at the 5MV Pelletron Tandem
accelerator. Five samples were prepared, then these
samples were irradiated by Phosphorous (p+ +) ion
beam at room temperature with an irradiation
energy of 1Mev for different doses [(1x1014, 5x1014,
1x1015, 2.5x1015 and 5x1015) ions/cm2]. The
morphology of the unirradiated and irradiated
samples was characterized by scanning electron
microscope (SEM). The elemental analysis and the
optical properties of the prepared ZnO-T samples
were examined by the energy dispersive
spectroscopy (EDS). photoluminescence (PL)
spectroscopy respectively.

3. Results and discussion
Using a scanning electron microscope (SEM), the
morphology of self-standing ZnO-tetrapods was
observed. Before dispersing on substrates, the SEM
image of ZnO-T were shown in Fig. 1. From this
illustration, we can see that there are four arms
interconnected at the same center and also have the
same angle between arms. From the center, the four
arms are thinner and at the end of the arms, it has
needle-like sharp tips.

Fig. 1: SEM images of ZnOnanotetrapods (ZnO-T) (without
substrate).

After dispersion on Si substrate and before
Phosphorous ion beam implantation, the
morphology and better distribution of the
unirradiated ZnO-tetrapods on the substrate were
examined with the help of SEM. Five samples (1,2,3,4,
and e) was prepared which are shown in Fig. 2.

Fig. 2: SEM images of unirradiated sample 1 at a
magnification of x15000 2(a) SEM images of unirradiated
sample 2 at a magnification of x15000 2 (b) SEM images of
unirradiated sample 3 at a magnification of x15000 2 (c)
SEM image of unirradiated sample 4 at Magnification of
x15000 2 (d) SEM images of unirradiated sample 5 at a

magnification of x15000 2 (e).

Prepared samples were irradiated with
phosphorous ion beam(P++) with doses 1x1014,
5x1014, 1x1015, 2.5x1015 and 5x1015 ions/cm2

respectively, 8 μc, 40 μc, 80 μc, 200 μc and 400 μc
charges were deposited on sample 1, 2, 3, 4, and 5
respectively. Irradiated SEM images of ZnO-T
samples were shown in Fig. 3. The arms of ZnO-
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Tetrapods from the center to the wider point was
long and thin along with the end of the arms are still
sharp after implantation. There is no breaking of
arms occurs in comparison with the unirradiated
sample. So we can say that no significant effects were
observed in ZnO-Tetrapods before and after
phosphorous irradiation. The surface morphology of
irradiated ZnO-Tetrapods was similar to the
unirradiated ZnO-Tetrapods sample as reported
earlier by Fang, Xuan Wang, Xiaohua et al in 2012 [2]
and Lin, C.-C Chen, San-Yuan et al in 2004 [31].

Fig. 3: SEM images of irradiated sample 1 with
1x1014ions/cm2 at magnification of x10,000 3(a), SEM
images of irradiated sample 2 with 5x1014 ions/cm2 at
magnification of x15000 3(b), SEM images of irradiated

sample 3 with 1x1015 ions/cm2 at magnification of x15000
3(c), SEM image of irradiated sample 4 with 2.5x1015

ions/cm2 at Magnification of x15000 3(d), SEM images of
irradiated sample 5 with 5x1015 ions/cm2 at magnification

of x10,000 3(e).

The optical properties of all the samples before
and after irradiation with the phosphors were
investigated by Photoluminescence (photon System
Company). The wave length of the excitation source
neon-copper (NeCu) laser used was 248 nm (5.0 eV).
The PL spectrum of the control sample (unirradiated)
is given in Fig. 4.

Fig. 4: PL spectra of unirradiatedZnO-Tetrapods controlled
sample.

The inset graph shows the portion from 2.75 eV to
3.75. The spectrum is drawn between the PL

intensity of the ZnOtetrapods sample and photon
energy. The spectrum is fine and smooth. A narrow
UV emission peak is seen at the energy of 3.28 eV
(378 nm), which is induced by edge emission. The
deep level emission (DLE) was found at 2.85 eV.
When a dose of 1x1014 ions/cm2 (8 μC charges) of
Phosphorous given to the sample 1 then the uv
emission peak of PL spectra is found at the energy of
3.31 eV, near band emission (NBE) and deep level
emission (DLE) observed at the energies peak value
3.21 eV and 2.93 eV respectively. In sample 2 the
dose of 5x1014 ions/cm2 (charge of 40 μC) was used
and on this dose or charge the uv emission peak
found at 3.28eV, NBE, and DLE peak observed at
energy value 3.23eV and 2.97eV respectively. In
sample 3, 4 and 5 the doses of 1x1015 ions/cm2

(charge of 80 μC), 2.5x1015 ions/cm2 (charge of 200
μC) and 5x1015 ions/cm2 (charge of 400 μC) were
used respectively. On these dose values, the peak
value of samples 3, 4, and 5 was 3.34 eV, 3.26 eV, and
3.28eV respectively. The NBE and DLE of samples 3
and 4 observed at energies of 3.30 eV, 3.22 eV, and
2.89 eV, 2.85 eV. For sample 5 the NBE was found at
3.26 eV and DLE at 2.89 eV. The PL spectra (DLE) of
the unirradiated control sample, samples 1, 2, 3, 4,
and 5 were shown in Fig 5. The full PL spectra peak
is also illustrated in the inset of Fig. 5.

In irradiated PL spectra, the UV emission peaks at
3.31 eV can be ascribed to the free electrons to
neutral-acceptor (FA) transition, whereas the
emission peak located at 3.287 eV and 3.34eV is due
to the donor-acceptor pair transition [29,30] and
acceptor bound excitation (A0 X) [37] respectively.
This shows that phosphorous has an amphoteric
behavior it forms both donor and acceptor states in
ZnOnanotetrapods samples. It was also noted that
irradiated ZnOnanotetrapods with Phosphorous
doses of 5x1014, 1x1015, 2.5x1015, and 5x1015
ions/cm2 show a broad emission near band edge and
deep level peaks. These broad emission peaks were
created from different types of point defects, such as
zinc interstitials (Zni) and oxygen vacancies (Vo). So
on this discussion, it could conclude that more
shallow defects will arises as the phosphorous dose
increased.
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Fig. 5 PL spectra of control sample 5(a), PL spectra of
irradiated sample 1 5(b), PL spectra of irradiated sample 2
5(c), PL spectra of irradiated sample 3 5(d), PL spectra of
irradiated sample 4 5(e), PL spectra of irradiated sample 5

5(f).

Fig. 6 EDX spectrum of sample 1 irradiated with
phosphorous dose of 1x1014 ions/cm2 6(a), EDX spectrum
of sample 2 irradiated with phosphorous dose of 5x1014
ions/cm26 (b), EDX spectrum of sample 3 irradiated with
phosphorous dose of 1x1015 ions/cm2 6 (c), EDXspectrum
of sample 4 irradiated with phosphorous dose of 2.5x1015
ions/cm2 6(d), EDX spectrum of sample 5 irradiated with

phosphorous dose of 5x1015 ions/cm2 6(e).

a

b

d

e
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The elemental compositional analysis of irradiated
ZnO-T samples (1-5) was studied by EDX. For sample
1, 2, 3, 4, and 5 EDX spectra are shown in Fig. 6. In
these spectra, the Zn, O, P, and Si peaks were
observed in the samples. Si content is due to the
presence of Si substrate and P content was present
in all samples as reported earlier in 2012 [38] where
P peak was observed at 2.013 keV. This reveals that
the incorporation of phosphorous ions into the zinc
oxide nanotetrapods.

4. Conclusions
Results show that before and after phosphorous
irradiation no changes were observed in ZnO-
tetrapods samples (sample 1-5). The shape of ZnO-
tetrapods samples was the same in both cases.
Photoluminescence results show that before
phosphorous irradiation the PL spectrum has only
two peaks related to band edge (3.28 eV) and deep
level emission (2.85 eV). After irradiation near band
emission and deep level emission was seen, these
emission peaks increase with increasing dose value.
At low doses, weak peaks were observed, but at high
doses strong near band emission peaks were
observed. These emission peaks are defects related
peaks due to phosphorous atom, called phosphorous
related acceptor transition. The emission peaks at
3.31 eV and 3.34 eV can be ascribed to the free
electrons to neutral-acceptor (FA) transition and
acceptor bound excitation (A0 X) respectively. Both
donor and acceptor states in ZnOnanotetrapods
samples were seen due to the amphoteric nature of
phosphorous. Energy dispersive x-ray spectroscopy
results show that Zn, O, and P contents are present in
the sample.
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