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We have successfully synthesized Fe-doped ZnO nanorods by a new and simple method in which the adopted approach is by using
ammonia as a continuous source of OH− for hydrolysis instead of hexamethylenetetramine (HMT). The energy dispersive X-ray
(EDX) spectra revealed that the Fe peakswere presented in the grownFe-dopedZnOnanorods samples and theX-ray photoelectron
spectroscopy (XPS) results suggested that Fe3+ is incorporated into the ZnO lattice. Structural characterization indicated that the
Fe-doped ZnO nanorods grow along the c-axis with a hexagonal wurtzite structure and have single crystalline nature without any
secondary phases or clusters of FeO or Fe

3

O
4

observed in the samples. The Fe-doped ZnO nanorods showed room temperature
(300K) ferromagnetic magnetization versus field (M-H) hysteresis and the magnetization increases from 2.5 𝜇emu to 9.1 𝜇emu for
Zn
0.99

Fe
0.01

O and Zn
0.95

Fe
0.05

O, respectively. Moreover, the fabricated Au/Fe-doped ZnO Schottky diode based UV photodetector
achieved 2.33A/W of responsivity and 5 s of time response. Compared to other Au/ZnO nanorods Schottky devices, the presented
responsivity is an improvement by a factor of 3.9.

1. Introduction

Diluted transition metals (TMs) doped ZnO nanomaterials
result in changing of the structural, electrical, magnetic, and
optical properties of ZnO nanostructures. Transition metal
doped ZnO especially is promising material as a room tem-
perature ferromagnetic diluted magnetic semiconductors.
Therefore, TMs doped ZnO nanomaterials are of interest in
many current and future applications such as nanoelectron-
ics, optoelectronics, photonic devices, spin electronics appli-
cations, and sensor devices, for example, spin-based light-
emitting diodes, UV sensors, spin transistors, nonvolatile
memory, and ultrafast optical switches [1–7]. Among the
TMs doped ZnOnanomaterials, Fe-doped ZnOnanorods are
of great potential in many applications due to the excellent

electronic,magnetic, and optical properties [8].Thedoping of
semiconductormaterials prepared by differentmethods or by
the same method but different preparation processes usually
shows different properties. New device applications of Fe-
doped ZnO nanomaterials have attracted many researchers
to synthetize this material using many different physical and
chemical methods. Many methods have been used to synthe-
size Fe-doped ZnO nanomaterial with different morpholo-
gies which has been published in the literature. To mention
some, Fe-doped ZnO nanoparticles were prepared by the
coprecipitationmethod [9–11], while Fe-doped ZnO powders
and Fe-doped ZnO nanorods array have been synthesized
via other high temperature methods [12, 13]; Fe-doped ZnO
thin films were deposited by sputtering and spin coated
methods [14–23], and Fe-doped ZnO nanorods were grown
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by the hydrothermal methods [24–27]. Among the different
growth methods, the hydrothermal methods are favorable,
friendly, and attractive due to simplicity, low cost, being less
hazardous, scale-up possibility, and they are performed at
low temperature (lower than 100∘C). Furthermore, the latest
property is advantageous since it can be used to grow ZnO
nanostructures on flexible and foldable substrates. Moreover,
the morphology and properties of ZnO nanostructures can
be controlled by varying the growth conditions such as the
temperature, growth time, precursor concentration, and the
pH of the growth solution [28, 29].

In this work, Fe-doped ZnO nanorods were synthesized
by a modified preparation procedure using the low temper-
ature hydrothermal approach. The Fe-doped ZnO nanorods
growth developed here represents a new and simple method
which adopted approach by using ammonia as a continuous
source of OH− for hydrolysis during the growth instead
of hexamethylenetetramine (HMT). Morphology, chemical
composition, and structural and room temperature magnetic
properties of the Fe-doped ZnO have been investigated.
Finally, a simple Au/Fe-doped ZnO Schottky diode basedUV
photodetector was fabricated and IV characteristic and time-
dependent photoresponse have been conducted under on/off
UV illuminations.The performance of the UV photodetector
based Au/Fe-doped ZnO nanorods Schottky diode with large
detection area (1 cm2) has been studied.

2. Experiment Procedure

2.1. Growth of Fe-Doped ZnO Nanorods. Zinc nitrate hexa-
hydrate (ZnNO

3

⋅6H
2

O), iron (II) chloride tetrahydrate
(FeCl
2

⋅4H
2

O), and iron (III) chloride hexahydrate
(FeCl
3

⋅6H
2

O) were used as precursors. All chemicals were
purchased from Sigma Aldrich and were used without
further purification. The growth solution was prepared by
the mixing of 0.075M of zinc nitrate hexahydrate anda
specific concentration of the iron source prepared by Iron
(II) chloride tetrahydrate and Iron (III) chloride hexahydrate
with the ratio ([Fe+2] : [Fe+3] = 1 : 2) in deionized water.
Then the growth solution was subsequently stirred with
a magnetic stirrer at room temperature for one hour and
then ammonia solution is added dropwise to the growth
solution at room temperature, resulting in an orange solution
with a pH = 9.3. This solution was kept under magnetic
stirring for one hour at room temperature. The substrates
were cleaned with isopropanol in an ultrasonic bath and
then spin coated three times with a seed solution containing
zinc acetate at 2500 rpm for 30 s; then the samples were
annealed at 120∘C for 10 minutes. Finally, the substrates
were placed horizontally in the growth solution and kept
in a preheated oven at 90∘C for 6 hours. After the growth
duration is completed, the samples were collected and
washed with deionized water and dried at room temperature
for further characterization. We believe that synthesis of
high quality of Fe-doped ZnO nanorods can be useful for
nanotechnology applications. In this adopted approach,
ammonia was used to tailor pH of the growth solution and
to facilitate ZnO nanocrystals growth. Ammonia reacts

+ −

FTO (ohmic contact)

Fe-doped ZnO nanorods

Au coated glass (Schottky contact)

h� h�

Figure 1: Schematic diagramof simple photodetector based on large
area Au/Fe-doped ZnO nanorods/FTO Schottky diode.

with water to provide continuous source of OH− required
for hydrolysis and aid precipitation of final products.
Furthermore, ammonia can generate a large amount of
zinc ammine complexes immediately in the solution and
these complexes are absorbed on the six side planes of ZnO
nanorods, which can facilitate the growth of ZnO nanorods
structure by slowing down the growth velocity of the side
surfaces [30]. By increasing the ammonia content in the
growth solution, the nuclei of ZnO nanocrystals can rapidly
form on the substrates, which produces dense and long
ZnO nanorods over a large area [31, 32]. Therefore, high
ammonia contents as additive to hydrolyze in the growth
solution provide Fe ions doped in ZnO nanorods without
morphology deformation.

2.2. Characterization Process. The field emission scanning
electron microscope (FESEM), EDX, XPS, and XRD are used
to characterize the surface morphology, chemical compo-
sition, and crystal structural of the grown samples, while
the room temperature ferromagnetic properties were inves-
tigated by superconducting quantum interference device
(SQUID) measurements.

2.3. Device Fabrication Process. For the fabrication of the
Au/Fe-doped ZnO nanorods UV photodetector, transparent
FTOfilmwas taped on the top of the Fe-dopedZnOnanorods
grown on gold coated glass substrate.The schematic diagram
of the simple UV photodetector based on large area Au/ZnO
nanorods/FTO Schottky diode is shown in Figure 1. In a
UV photodetector, large Schottky barrier height at metal
semiconductor interface results in improved responsivity
and improved photocurrent to dark current ratio [33, 34].
Therefore, Au with high work function was used to form a
large Schottky barrier height on Fe-doped ZnO nanorods.
The conducting FTO film was used as the ohmic contact due
to its transparency and it also provides almost ideal ohmic
contact with n-ZnO [35]. The current-voltage (I-V) curves of
the fabricated diodes under dark and under UV illumination
were measured by Agilent 4155B Semiconductor Parameter
Analyzer. In this experiment, a constant UV illumination
of 2mW/cm2 emitting at 365 nm was used as the excitation
source.
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Figure 2: (a) The SEM image of Zn
0.99

Fe
0.01

O nanorods. (b) The SEM image of Zn
0.95

Fe
0.05

O nanorods. (c) EDX spectrum of Zn
0.99

Fe
0.01

O.

3. Results and Discussion

3.1. Morphology and Chemicals Composition. The surface
morphology of the grown Fe-doped ZnO nanorods under
different doping concentration has been performed by using
SEM. Figures 2(a) and 2(b) show the SEM images of the
1% and 5.0% Fe-doped ZnO nanorods, respectively. The Fe-
doped ZnO nanorods have hexagonal shapes with diameters
varying between 100 and 300 nm. The chemical composition
of the grown Zn

0.99

Fe
0.01

O was measured by using EDX
which is shown in Figure 2(c). The EDX data revealed that
the Fe’s peaks were at 0.705 keV, 6.404 keV, and 7.058 keV.This
indicates the Fe ions were presented in the Fe-doped ZnO
nanorods samples.

In order to verify the substitutions of the Fe ions in the
Zn
1−𝑥

Fe
𝑥

O nanorods, XPS measurements were performed.
Figure 3(a) shows the XPS spectra of O 1s peaks of both ZnO
nanorods and Fe-doped ZnO nanorods. For ZnO nanorods,
the O 1s spectrum centered at 530.9 which belongs to O2− in
the wurtzite structure of a ZnO monocrystal and at 532.3 eV
is attributed to the presence of loosely bound oxygen on the
surface [15, 17]. In Fe-doped ZnO nanorods, the XPS spectra
of the O2− were slightly shifted to the higher binding energy
value and the shoulder peaks are broader in comparison to
the pure ZnO nanorods. This result indicates that the Fe ions

indeed influence the optical properties of the ZnO nanorods.
The chemical shift of the O 1s of the doped ZnO has also
been revealed in the previous works [22, 27]. As we know,
the binding energy of Fe 2p signals was between 700 and
740 eV and some of Zn Auger peaks are also presented in this
region. Therefore, the XPS measurements were conducted
for both ZnO nanorods and Zn

1−𝑥

Fe
𝑥

O nanorods. As it is
known, the FeO has a peak position of Fe 2p

1/2

at 722.3 eV
and Fe 2p

3/2

at 709.3 eV and Fe
2

O
3

at 724.9 eV and at 710.5 eV,
respectively. In this study, the XPS signals at binding energy
from 695 eV to 735 eV for pure ZnO and Fe-doped ZnO are
shown in Figure 3(b). From this figure, the Fe related signal in
the Zn

0.99

Fe
0.01

Onanorods is not resolved from the ZnAuger
because it is relatively small. This is a very similar case for the
Fe-doped ZnO in the previous works [20, 26]. However, the
Fe 2p core level photoemission spectrum for Zn

0.95

Fe
0.05

O
nanorods is clearly observed, from which Fe 2p

1/2

and Fe
2p
3/2

peaks located at 725.47 and 711.7 eV can be found.These
Fe 2p peak positions are almost the same as values which have
been reported in many previous works [15, 17, 19–24, 26, 27].
These obtained binding energies are larger than Fe3+; it is
suggested that Fe is incorporated into the ZnO lattice in a
state close to Fe3+. Furthermore, the investigated spectra of Fe
2p showed that the spin-orbit split energy difference between
Fe 2p
1/2

and Fe 2p
3/2

is 13.77 eV. These results suggested that
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Figure 3: XPS spectra of (a) O 1s for ZnO and Fe-doped ZnO and (b) Zn Auger from ZnO and Fe 2p Fe-doped ZnO.

there is no possibility of existence of Fe2+ or Fe0 in the samples
because the energy difference of metallic ion and the FeO
should be 13.10 eV and 13.4 eV, respectively [20].

3.2. Structural Characterization. The XRD patterns of the
undoped ZnO nanorods, Zn

0.99Fe0.01O and Zn
0.95Fe0.05O

nanorods, are shown in Figure 4(a). The high diffraction
peaks at 002 direction are an indication of the hexagonal
wurtzite structure with single crystalline nature and they
indicate that the Fe-doped ZnO nanorods grow along the c-
axis of the ZnO consistent with the JCPDS number 36-1451
file. No evidence of any other secondary phase such as FeO or
Fe
3

O
4

has been observed. In Figure 4(b), we observed that the
peaks position at 002 direction was shifted towards higher 2𝜃

diffraction angle with the increasing of the Fe concentration
and their full width at half maximum (FWHM) were also
becomes larger while increasing the Fe concentration. The
shift of the peaks positions and the relatively larger FWHM
clearly indicated that the Fe ions replaced the Zn sites in
the ZnO nanorods crystal matrix. These observations were
also evident in similar samples grown by other techniques
reported elsewhere [10, 11, 14, 17–20, 24, 25].

3.3. Magnetic Property. Superconducting quantum interfer-
ence device (SQUID) measurements have been performed
to investigate the room temperature ferromagnetic behavior
of our Fe-doped ZnO nanorods samples. Figure 5 shows
the magnetic hysteresis (M-H) curves measured from −10
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Figure 4: (a) The XRD patterns of undoped ZnO and Fe-doped ZnO nanorods; (b) the XRD patterns of Fe-doped ZnO at 002 peaks shifted
to the higher 2𝜃 values.

to 10 kOe at 300K of Fe-doped ZnO samples. From these
M-H curves, the room temperature ferromagnetic hysteresis
loops are clearly observed. According to theory, Fe-doped
ZnO possesses ferromagnetic property at room temperature
and the magnetic moments observed are due to the Fe 3d
orbitals and the observed magnetization value increases with
the increase of the Fe concentration [15–17, 20, 22, 24, 25].
This supports our experimental results since we observed
magnetic hysteresis at room temperature and the magneti-
zation values observed increase from 2.5 𝜇emu to 9.1 𝜇emu
for Zn

0.99

Fe
0.01

O and Zn
0.95

Fe
0.05

O, respectively. This M-H
loop is higher than the results reported in [21, 36]. As we
see from the EDX spectra, XPS spectra, and XRD patterns of

our samples, it is clearly shown that there was not any other
secondary phase of Fe or Fe oxides that has been observed.
Therefore, the observed room temperature ferromagnetism
in our Fe-doped ZnO nanorods originates from the Fe ions
substituting the Zn ions in the ZnO nanorods matrix.

3.4. UV Sensor Based Au/Fe-Doped ZnO Schottky Diode. The
I-V characteristics for both the undoped ZnO and the Fe-
doped ZnO Schottky diodes were investigated under dark
andUV illumination. Figure 6(a) shows I-V characteristics of
undoped ZnO andZn

0.95Fe0.05OSchottky diodes under dark.
It was observed that both Schottky diodes have good rectify-
ing characteristics. However, the Au/Zn

0.95Fe0.05O Schottky
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Figure 5: Room temperature ferromagnetic for Fe-doped ZnO nanorods.

diode has smaller leakage current, smaller turn on voltage
with higher current at forward bias voltage than Au/ZnO
Schottky diode. Without UV illumination, the observed dark
current was approximately 1.62mA and 3.56mA at bias of 5 V
for the Au/ZnO Schottky and the Au/Zn

0.95Fe0.05O, respec-
tively. This high dark current indicated that the Fe-doped
ZnO nanorods have intrinsic donor defects which generates
many free electrons and enhanced the dark conductance [37].
Figures 6(b) and 6(c) show the dark and UV illuminated I-
V characteristics of the Au/Zn

0.95Fe0.05O Schottky diode and
Au/ZnO Schottky diode, respectively.The responsivity (𝑅) of
the photodetector is given by [38–41]

𝑅 =
𝐼ph

𝑃inc
, (1)

where 𝐼ph = 𝐼illuminated − 𝐼dark is the photocurrent and 𝑃inc
is the incident optical power at a given wavelength (𝜆).
The responsivity values calculated at 5V forward bias are
0.60A/W for Au/ZnO Schottky diode and 2.33A/W for
Au/Zn

0.95Fe0.05O Schottky diode. The responsivity value of
Au/Zn

0.95Fe0.05O is also higher than the commercial GaNUV
detector (0.1 A/W) and other photodetectors reported in [38–
43] and it is comparable to the UV photodetector reported
[44].The responsivity ratio between Au/Zn

0.95Fe0.05O Schot-
tky diode and Au/ZnO Schottky diode is equal to 3.9 and it is
given by

Responsivity Ratio =
𝑅doped

𝑅undoped
, (2)

where 𝑅doped and 𝑅undoped are the responsivity of the
Au/Zn

0.95Fe0.05O Schottky diode and Au/ZnO Schottky
diode, respectively. The device based Au/Zn

0.95Fe0.05O gives
higher responsivity because when Fe ions incorporated
into the ZnO latticeit acts as a donor which contributes
to carriers and consequently improve its optical property,
which possesses more electron-hole pairs generated under

UV excitation. Therefore, the incremental mobility of the
Zn
0.95Fe0.05O nanorods exhibits higher values compared to

ZnOnanorods. Figures 6(d) and 6(e) show 5 s and 7 s of rising
time response for Au/Zn

0.95Fe0.05O Schottky and Au/ZnO
Schottky diodes, respectively. While the decaying time is
approximately 29 s for both devices, the rising time response
is defined as the times required for the photocurrent reaching
63.3% of its saturated photocurrent and the decaying time
response is refereed to 36.7% of its saturated photocurrent.

4. Conclusion

In summary, a series of high quality single crystalline of
Fe-doped ZnO nanorods has been successfully synthesized
using a modified hydrothermal method. A systematic study
was performed to investigate the morphology and structural
and magnetic properties of the Fe-doped ZnO nanorods.
Finally, the grown Fe-doped ZnO was used to fabricate high
performance UV photodetector. SEM results show that the
Fe-doped ZnO nanorods have hexagonal shapes and the
EDX data revealed that the Fe peaks were presented in
the Fe-doped ZnO nanorods samples and the XPS results
suggested that Fe3+ is incorporated into the ZnO lattice. The
XRD analysis showed that by increasing the concentration
of the Fe in the growth solution the 002 peak position
and the FWHM were shifted to higher angle and become
relatively larger, respectively. It is also shown that the Fe
ions replaced Zn sites and were incorporated into the ZnO
matrix with no secondary phases or clusters of FeO or Fe

3

O
4

observed in the grown samples. The substitution of the Fe
ions in theZnOnanorodsmatrix significantlywasmanifested
in a clear ferromagnetic behavior at room temperature
(300K) and the magnetization magnitude was observed to
increase from 2.5 𝜇emu to 9.1 𝜇emu for Zn

0.99

Fe
0.01

O and
Zn
0.95

Fe
0.05

O, respectively. Moreover, the fabricated Au/Fe-
doped ZnO nanorods UV photodetector device achieved
both high photoresponse and fast time response. Compared
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Figure 6: (a) I-V curves of Au/ZnO andAu/Zn
0.95Fe0.05OSchottky diodes under dark; (b) I-V characteristics of the Au/Zn

0.95Fe0.05OSchottky
diode under dark and under UV illumination; (c) I-V characteristics of the Au/ZnO Schottky diode under dark and under UV illumination;
(d) time response of Au/Zn

0.95Fe0.05O Schottky diode; (e) time response of Au/ZnO Schottky diode.
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to Au/ZnO nanorods Schottky device, an improvement by a
factor of 3.9 was achieved.
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[12] H. Çolak and O. Turkoglu, “Synthesis, crystal structural and
electrical conductivity properties of fe-doped zinc oxide pow-
ders at high temperatures,” Journal of Materials Science and
Technology, vol. 28, no. 3, pp. 268–274, 2012.

[13] B. Ling, J. L. Zhao, X. W. Sun, S. T. Tan, Y. Yang, and Z.
L. Dong, “Electroluminescence from ferromagnetic fe-doped
ZnO nanorod arrays on p-Si,” IEEE Transactions on Electron
Devices, vol. 57, no. 8, pp. 1948–1952, 2010.

[14] A. J. Chen, X. M. Wu, Z. D. Sha, L. J. Zhuge, and Y. D. Meng,
“Structure and photoluminescence properties of Fe-doped ZnO
thin films,” Journal of Physics D: Applied Physics, vol. 39, no. 22,
pp. 4762–4765, 2006.

[15] L.M.Wang, J.-W. Liao, Z.-A. Peng, and J.-H. Lai, “Doping effects
on the characteristics of Fe:ZnO films: valence transition and
hopping transport,” Journal of the Electrochemical Society, vol.
156, no. 2, pp. H138–H142, 2009.

[16] X. X. Wei, C. Song, K. W. Geng, F. Zeng, B. He, and F. Pan,
“Local Fe structure and ferromagnetism in Fe-doped ZnO
films,” Journal of Physics Condensed Matter, vol. 18, no. 31, pp.
7471–7479, 2006.

[17] W. Cheng and X. Ma, “Structural, optical and magnetic proper-
ties of Fe-doped ZnO,” Journal of Physics: Conference Series, vol.
152, no. 1, Article ID 012039, p. 7, 2009.

[18] A. G. Sobas, A. Galeckas, M. F. Sunding, S. Diplas, and A. Y.
Kuznetsov, “An investigation of Fe-doped ZnO thin films grown
by magnetron sputtering,” Physica Scripta, vol. T141, Article ID
014004, 7 pages, 2010.

[19] J. T. Luo, Y. C. Yang, X. Y. Zhu, G. Chen, F. Zeng, and F.
Pan, “Enhanced electromechanical response of Fe-doped ZnO
films by modulating the chemical state and ionic size of the Fe
dopant,” Physical Review B, vol. 82, no. 1, Article ID 014116, 2010.

[20] W.-G. Zhang, B. Lu, L.-Q. Zhang et al., “Influence of preparation
condition and doping concentration of Fe-doped ZnO thin
films: oxygen-vacancy related room temperature ferromag-
netism,”Thin Solid Films, vol. 519, no. 19, pp. 6624–6628, 2011.

[21] G. Chen, J. J. Peng, C. Song, F. Zeng, and F. Pan, “Interplay
between chemical state, electric properties, and ferromagnetism
in Fe-doped ZnO films,” Journal of Applied Physics, vol. 113, no.
10, Article ID 104503, 2013.

[22] H. Y. Yang, S. F. Yu, S. P. Lau, T. S. Herng, and M. Tane-
mura, “Ultraviolet Laser Action in Ferromagnetic Zn

1−xFexO
Nanoneedles,” Nanoscale Research Letters, vol. 5, no. 1, pp. 247–
251, 2010.

[23] A. P. Rambu, V. Nica, and M. Dobromir, “Influence of Fe-
doping on the optical and electrical properties of ZnO films,”
Superlattices and Microstructures, vol. 59, pp. 87–96, 2013.

[24] C. Xia, C. Hu, Y. Tian, P. Chen, B. Wan, and J. Xu, “Room-
temperature ferromagnetic properties of Fe-doped ZnO rod
arrays,” Solid State Sciences, vol. 13, no. 2, pp. 388–393, 2011.

[25] B. Panigrahy, M. Aslam, and D. Bahadur, “Effect of Fe doping
concentration on optical and magnetic properties of ZnO
nanorods,” Nanotechnology, vol. 23, no. 11, Article ID 115601,
2012.

[26] C. W. Liu, S. J. Chang, C. H. Hsiao et al., “Diluted magnetic
nanosemiconductor: Fe-DopedZnOvertically alignednanorod
arrays grown by hydrothermal synthesis,” IEEE Transactions on
Nanotechnology, vol. 12, no. 4, pp. 649–655, 2013.

[27] S. Baek, J. Song, and S. Lim, “Improvement of the optical
properties of ZnO nanorods by Fe doping,” Physica B, vol. 399,
no. 2, pp. 101–104, 2007.

[28] M. Willander, L. L. Yang, A. Wadeasa et al., “Zinc oxide
nanowires: controlled low temperature growth and some elec-
trochemical and optical nano-devices,” Journal of Materials
Chemistry, vol. 19, no. 7, pp. 1006–1018, 2009.

[29] G. Amin, M. H. Asif, A. Zainelabdin, S. Zaman, O. Nur,
and M. Willander, “Influence of pH, precursor concentration,
growth time, and temperature on the morphology of ZnO
nanostructures grown by the hydrothermal method,” Journal of
Nanomaterials, vol. 2011, Article ID 269692, 9 pages, 2011.



Journal of Nanomaterials 9

[30] X. L. Zhang, H. T. Dai, J. L. Zhao, S. G. Wang, and X. W. Sun,
“Surface-morphology evolution of ZnO nanostructures grown
by hydrothermalmethod,”Crystal Research and Technology, vol.
49, no. 4, pp. 220–226, 2014.

[31] J.-H. Tian, J. Hu, S.-S. Li et al., “Improved seedless hydrothermal
synthesis of dense and ultralong ZnO nanowires,”Nanotechnol-
ogy, vol. 22, no. 24, Article ID 245601, 2011.

[32] C. O. Chey, H. Alnoor, M. A. Abbasi, O. Nur, and M. Wil-
lander, “Fast synthesis, morphology transformation, structural
and optical properties of ZnO nanorods grown by seed-free
hydrothermal method,” Physica Status Solidi A, 2014.

[33] L. J. Brillson and Y. Lu, “ZnO Schottky barriers and Ohmic
contacts,” Journal of Applied Physics, vol. 109, no. 12, Article ID
121301, p. 33, 2011.

[34] S. N. Das, J.-H. Choi, J. P. Kar, K.-J. Moon, T. I. Lee, and J.-
M. Myoung, “Junction properties of Au/ZnO single nanowire
Schottky diode,” Applied Physics Letters, vol. 96, Article ID
092111, 2010.
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