
Structural, optical and electrical properties of a Schottky diode fabricated on Ce
doped ZnO nanorods grown using a two step chemical bath deposition

MAM Ahmed�a,b, WE Meyera, JM Nela

aDepartment of Physics, University of Pretoria, Private Bag X20, 0028 Hatfield, South Africa
bDepartment of Physics, Faculty of Education, University of Khartoum, P.O Box 461, Omdurman, Sudan

Abstract

Schottky diodes based on pure and Ce doped ZnO nanorods with Ce at% from 0.0 to 10.0 were fabricated using
a chemical bath deposition technique. The effect of Ce doping on structural, optical and electrical properties was
studied. X-ray diffraction spectroscopy and field emission scanning electron microscopy were used to study the
crystalline structure and surface morphology, respectively. Raman spectroscopy at room temperature revealed that
the dominant E2(high) peaks of Ce doped ZnO nanorods were red shifted compared to those in undoped ZnO. Room
temperature photoluminescence spectroscopy of as-synthesized pure and Ce-doped ZnO nanorods showed that the
UV emission was also red shifted with Ce doping enhancing the green-yellow emission compared to undoped ZnO
nanorods. The optical band gap of pure and Ce doped ZnO nanorods were obtained from UV-vis results. Moreover,
the I-V characteristics of a fabricated Schottky diodes revealed that the rectification behaviour of the diodes was
improved by Ce doping. The maximum rectification was obtained at 10.0 at% Ce with ideality factor of 1.34 and
barrier height of 0.856 eV.
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1. Introduction

In the last few decades, nanomatrials such as nanowires, nanotubes and nanorods have been the subject of study
by many researchers due to their potential use in a wide range of devices such as transistors, photodiodes and sensing
applications. Among these nanomaterials, metal oxides have found considerable interest owing to their chemical,
sensing, photo-detection, piezoelectricity properties [1].

Synthesis and characterization of one-dimensional (1D) semiconductor materials have recently attracted more
interest due to their physical properties that enable them to play a major role in optoelectronic and nanoscale electronic
devices [2, 3, 4]. 1D zinc oxide-based (ZnO) material shows unique properties for technological applications, such as
UV laser devices [5], chemical sensors [6], solar cells [7], acoustic and luminescent devices [8]. ZnO is a wide band
gap (3.37 eV) semiconductor that is suitable for short wavelength optoelectronic applications. In addition, its high
exciton binding energy (60 meV) allows excitonic emission at room temperature with high efficiency. The structural,
optical and electrical properties of ZnO can be altered by doping with different elements. Because of its wide band
gap energy, ZnO can be used as a host lattice for doping different elements such as transition and rare earth (RE)
metals. Many reports are available on doping ZnO with metals such as Nd [9], Ag [10, 11], Ga [12, 13], Mn [14, 15]
and Al [16, 17]. Furthermore, ZnO has attracted extensive interest in device fabrication.

Growth of ZnO nanostructures can be achieved by different techniques such as metal organic chemical vapour
deposition [18], vapour-liquid-solid method [4], thermal evaporation [19], radiofrequency magnetron sputtering [20],
pulsed laser deposition [21], spray pyrolysis [22] and epitaxial electrodeposition [23]. These techniques have been
successfully used to produce highly oriented ZnO nanorods. However, many of these require reaction conditions such
as high temperature and pressure which result in preventing large-scale production of these nanomaterials. On the
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other hand, chemical solution processes greatly facilitate the fabrication of well aligned ZnO nanorods on a large
scale at relatively low temperature. Among the chemical solution methods, chemical bath deposition (CBD) was
adopted for this study due to its low cost, simple experimental setup and low temperature growth.

In order to improve the structural, optical and electrical properties of ZnO, doping with RE will be attractive due
to the availability of 4f orbital [24]. RE ions are substantially used in different host materials as activators due to their
high fluorescence efficiencies and narrow fluorescence bands. There are numerous reports on RE element doping of
ZnO including doping with Sm [25, 26], Eu [27, 28, 29], Yb, Er, and La [30, 31]. Among the RE metals, Ce doping
has attracted much attention because of it is unique properties: for examples (1) the redox couple Ce3+/Ce4+ that
allows the oxidized cerium to shift between CeO2 and Ce2O3 under oxidizing conditions, (2) control over modifying
the morphological properties of the host and (3) easy formation of oxygen vacancies [32]. Doping ZnO with Ce
exhibited adaptable properties and have been studied extensively [32, 33, 34, 35]. Ge et al., [36] and Dar et al., [37]
reported gas sensing properties of Ce doped ZnO, Yousefi and co-workers [38] studied photoelectrochemical activity,
and Elisa et al. [39] reported photocatalytic activity of Ce doped ZnO. To the best of our knowledge there is no
available report on fabricated Schottky diodes based on Ce doped ZnO nanorods prepared by CBD.

In this study, the CBD technique at low temperature (90◦ C) was used to fabricate Schottky diodes based on
pure and Ce doped ZnO nanorods on an indium tin oxide substrate (ITO). The ITO substrate was used because of
its transparency and conductivity. The structural, optical and electrical properties of Schottky diodes fabricated on
pure and Ce doped ZnO nanorods were studied in detail. The pure and Ce doped ZnO nanorod structures shows
rectification behaviour and the electrical parameters of the fabricated Schottky diodes are discussed.

2. Experimental methods

2.1. Materials

In these experiments the following materials were used as received without any further purification: zinc acetate di-
hydrate (98%, Merck), ethanol (99.95%, Merck), monoethanolamine (MEA) (98%, Merck), hexamethylenetetramine
(HMTA) (99.5%, Sigma Aldrich), zinc nitrate hexahydrate (98%, Sigma Aldrich) and cerium nitrate hexahydrate
(99.999%, Sigma Aldrich).

2.2. Deposition of the seed layer

A zinc oxide seed layer solution was prepared by dissolving zinc acetate in ethanol which was stirred for 1 h at
500 rpm and 60◦ C. Thereafter, MEA was added drop-wise to the solution as stabilizer while continuously stirring for
1 h under the same conditions. The molar ratio between zinc acetate and MEA was kept at 1:1. The clear, transparent
solution was then aged for 72 h to increase its viscosity. Prior to the deposition, ITO substrates were cleaned with
deionized water, ethanol, acetone and deionized water, in this order for 15 min each using an ultrasonic bath, and
finally blown dry with nitrogen gas. The zinc oxide seed layer was spin coated on pre-cleaned ITO substrates three
times at 3000 rpm for 30 s, thereafter, dried in an oven preheated at 90◦ C for 5 min. Finally, coated substrates were
annealed at 150◦ C for 15 min to remove the residual solvents before growing the nanorods.

2.3. Deposition of the nanorods

For the fabrication of the ZnO nanorods, zinc nitrate hexahydrate and HMTA were dissolved in deionized water
separately, stirred for 10 min and finally mixed together. The resulting milky solution was then placed in a water
bath preheated to 90◦ C which was maintained throughout the deposition. ITO substrates seeded with undoped ZnO
were immersed into the solution in such way the seeded side faced downward for 2 hrs. For Ce doped ZnO nanorods,
different amounts of cerium nitrate hexahydrate (0, 2, 4, 6, 8 and 10 at% Ce) were dissolved in deionised water and
stirred for 10 min and thereafter added to the mixture of zinc nitrate and HMTA with continuous stirring for 10 min to
make sure homogeneous solutions were obtained. Finally, substrates were rinsed with deionized water several times
to remove the residuals and blown dry with nitrogen gas, whereafter samples were kept in a closed container for
further characterization. The results for sample doped at 2.0 at% Ce are not presented in this report because results
are identical to undoped sample.
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2.4. Fabrication of the Schottky contacts

Circular Pd contacts for electrical measurements were evaporated resistively onto the nanorods using a mechanical
shadow mask. The Pd was deposited in a vacuum chmaber at The pressure in the chamber 5.5 × 10−6 mbar at rate of
0.1 nm/s to a thickness of 100 nm. Hence, Pd/ZnO/ITO and Pd/Ce-ZnO/ITO devices were fabricated.

3. Characterization

As-synthesized samples were characterized in terms of their surface morphology, elemental analysis and structure
with a Zeiss Ultra Plus Field Emission Scanning Electron Microscopy (FESEM) integrated with energy dispersive
X-ray spectroscopy (EDX) and X-ray diffraction (XRD) on a Bruker D8 ADVANCE machine (λ = 1.5406 nm),
respectively. Room temperature Raman spectroscopy in the range 100 - 1500 nm was measured using WITec alpha
300R confocal Raman microscopy (high-resolution confocal Raman imaging) with excitation wavelength λ = 532
nm. A Cary Eclipse fluorescence spectrometer (λ = 344 nm) was used to study the photoluminescence of the as-
synthesized samples in the range 350 - 800 nm. Varian Cary 100 UV-vis spectrometer was used to measure the
optical transmittance of the as-synthesized samples at room temperature. Prior to the UV-vis measurements, the
background was taken using a pre-cleaned blank ITO coated glass substrate. Finally, electrical measurements on
fabricated Schottky diodes on pure and Ce doped ZnO nanorods at room temperature were performed using SMU
(key sight B2912A) Keithely 230 meter.

4. Results and discussion

4.1. Structural and morphological results

Figure 1: Room temperature XRD pattern of pure and Ce doped ZnO nanorods from bottom to top : (a) 0.0 to 10.0
at% and (b) is an enlargement of the (002) peak.
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Table 1: Lattice parameters, peak position (2θ), FWHM, particle size (D), dislocation density (δ), unit cell volume
(V) and Zn - O bond length (L) of as-synthesized samples.

Samples Lattice parameter (Å) 2θ FWHM (degree) D (nm) δ ×10−4 V L
at% a c (degree) (002) (002) ( nm−2) (Å3) (Å)
0.00 3.229 5.176 34.648 0.252 34.46 8.324 46.46 1.961
4.00 3.203 5.133 34.926 0.079 110.15 0.975 45.57 1.949
6.00 3.188 5.123 35.000 0.072 120.88 0.821 45.50 1.941
8.00 3.188 5.130 34.946 0.086 100.38 1.183 45.69 1.940
10.00 3.196 5.123 35.000 0.069 126.14 0.748 45.30 1.944

Fig. 1 shows the XRD patterns of undoped and Ce doped ZnO nanorods measured at room temperature. All
the peaks in the XRD patterns are assigned to the wurtzite structure of ZnO and the ITO substrates. Obtained XRD
patterns are similar to the previously reported Ce doped ZnO nanorods [40]. As it can be seen in Fig. 1a, the as-
synthesized samples have preferred orientation along the reflection plane (002). This indicates that the nanorods were
grown perpendicular to the ITO substrates. The presence of the sharp peak in the XRD patterns of as-synthesized
samples indicates that undoped and Ce doped ZnO nanorods were highly crystalline. The absence of Ce, CeO2
and Ce2O3 peaks in the XRD spectrum emphasized that the Ce+3/Ce+4 has substituted the Zn+2 and successfully
incorporated into the ZnO lattice which inturn confirmed that the concentration of Ce dopant in ZnO was below the
solubility limit. Moreover, the XRD pattern revealed that there is a shift in (002) peak position towards higher 2θ
when compared to pure ZnO (see Table 1). Fig. 1b shows the shift of the (002) peak to higher 2θ values when Ce
concentration is increased. This shift could be due the larger Ce+3/Ce+4 ionic radius of 1.03 Å/0.92 Å compared to
that of Zn+2 0.74 Å which may be influenced the ZnO lattice. As can be observed from Fig. 1b, that the shift of the 2θ
is not in a regular order. This could be attributed to the replacement of the Zn+2 by Ce+3/Ce+4. This shift in the (002)
peak position agrees with the reported Ce doped ZnO nanorods [41, 35]. Table 1 summarizes the crystallographic
properties of both ZnO and Ce doped ZnO samples. The calculated lattice parameters for undoped ZnO nanorods are
in good agreement with JCPDF # 790205. The calculated lattice parameters for Ce doped samples decreased with
increasing the Ce concentration compared to undoped samples. This decrease in the lattice parameters could be due
to the effect of Ce dopant on ZnO lattice.

The average crystallite size (D) of as-synthesized samples calculated from Scherrer’s equation [42], and the unit
volume of the cell [43] are also shown in Table 1 together with FWHM of the (002) peak. The FWHM of (002) peak
was found to decrease with increasing Ce dopant concentration indicating that the as-synthesized samples were of
good quality. The calculated crystallite size was found to increase upon increasing the Ce dopant concentration when
compared with undoped sample. The dislocation density (δ) of as-synthesized samples calculated from [44] was also
found to decrease with increasing Ce dopant indicating that good quality samples were prepared. Furthermore, L,
between Zn and O was determined for pure ZnO is in good agreement with reported Zn-O bond which is 1.9767 Å
[45]. However, for Ce doped ZnO nanorods, L are slightly different from pure Zn-O. The slight change emphasized
that Ce dopant has moderately affected ZnO lattice structure.

Fig. 2 shows the surface morphology of as-synthesized samples which clearly have the wurtzite hexagonal struc-
ture. The measured diameter and the length of the nanorods were in the range 100 - 150 nm and 1 - 1.5 µm, respec-
tively. As evidenced in Fig. 2, ZnO maintains its hexagonal structure up to higher percentages of Ce-doping and no
morphological change was observed.

4.2. Energy dispersive X-ray spectroscopy

Fig. 3 shows EDX spectra of as-synthesized samples with different levels of doping (0.0, 6.0, 8.0 and 10.0 at%
Ce, respectively). EDX spectra for sample at 4.0 at% Ce not shown here, because spectra is similar for undoped
sample. Sharp peaks of Zn and O were observed in the EDX spectra. However, very small peaks were detected for Ce
at higher doping percentage (Fig. 3 c and d). This indicates that Ce has been incorporated successfully into the ZnO
lattice. EDX results are in good agreement with XRD. Furthermore, peaks related to Na, Si, Sn and In were also seen
and can be assigned to the ITO glass substrate.

4



Figure 2: FESEM images of as-synthesized samples. (a) 0.0, (b) 4.0, (c) 6.0, (d) 8.0 and (e) is 10.0 at% Ce doped
ZnO nanorods, respectively. The insets shows they area in which the spectra was acquired.

4.3. Optical properties
4.3.1. Raman Spectroscopy

Raman scattering is known for its sensitivity to the nanostructured materials and can be used to yield information
about phase purity and crystallinity of as-synthesized samples. Fig. 4 (A) shows room temperature Raman spectra
of the undoped and Ce doped ZnO nanorods in the range 150 to 1500 cm−1 excited by a 532 nm laser. At the center
of the Brillouin zone (Γ point) the optical phonons are involved in the first order Raman scattering and according to
group theory the following lattice optical phonons exist:

ΓOptical = A1 + E1 + 2B1 + 2E2 (1)

B1, A1 and E1 are the silent modes and the first order Raman active modes, respectively, as stated by the Raman
selection rule. The A1 and E1 are polar Raman and infrared active modes, and they split into transverse optical (TO)
and longitudinal optical (LO) phonons. E2 is nonpolar mode and splits into high and low frequency phonons. The
observed peaks in Raman spectra can be assigned to the ZnO wurtzite structure lattice vibration with space group
C4

6ν(P63mc) [46]. Observed peaks at 333 cm−1 and 339 cm−1 are allocated to E2 high - E2 low and E2 high modes,
respectively. The appearance of E2 high as a dominant peak over the E2 low peak indicated that samples with good
quality have been synthesized which is in good agreement with XRD results presented in section 4.1. It can be noted
from Fig. 4 (B) that, the E2 high peaks shifted to higher wavenumber when the Ce dopant content is increased
compared to the undoped ZnO nanorods. Observed peak at 579 cm−1 is assigned to A1 LO mode and it is due to
defects present in the samples [47] such as oxygen vacancies due to the Ce-doping in ZnO nanorods. Furthermore,
the broad peak between 1050 cm−1 and 1200 cm−1 is attributed to the multiphonons 2E1(LO), 2A1 (LO) modes and it
is a characteristic feature of II - VI semiconductors [46, 48, 49].

4.3.2. Photoluminescence
Fig. 5 shows room temperature photoluminescence (PL) of undoped and Ce doped ZnO nanorods from 0.0 to

10.0 at% Ce measured with excitation wavelength 344 nm. Two main emission peaks are observed in PL spectra
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Figure 3: EDX spectra of (a) 0.0, (b) 6.0, (c) 8.0 and (d) is 10.0 at% Ce, respectively. The insets shows the area in
which the spectrum was taken.

namely, UV and visible light as depicted in Fig. 5 (A) and 5 (B), respectively. The UV peaks of pure and Ce doped
ZnO nanorods with various levels of doping (0.0, 4.0, 6.0, 8.0 and 10.0) at% Ce are positioned at 403 nm, 404 nm,
404 nm, 407 nm and 405.00 nm, respectively. The UV emission is also known as near band edges emission and
originates from the free exciton recombination of ZnO through exciton-exciton collisions [50, 51, 52]. After the Ce
dopant is introduced and incorporated into the ZnO lattice, it is expected that the band structure of ZnO will be altered
significantly, and new emission will be established. It can be observed from PL spectra that the UV peaks of Ce doped
ZnO nanorods are red shifted with respect to undoped ZnO nanorods. This shift may be due to the replacement of Zn+2

by Ce+3/Ce+4 in ZnO lattice and because of the electron localizations of Ce, impurity bands (electron states) will be
introduced. These impurity bands will be located near to the conduction band (lower edges), resulting in a formation
of unoccupied band which in turn reduces the band gap and eventually causes the red shift of the UV peak [53]. The
shift in the UV peak position is compatible with E2 high Raman shift described in section 4.3.1. The UV emission
also shows small peaks located at 388. These peaks may be attributed to the energy transition in ZnO between an
electron in Zn interstitial defect states and a hole in the valence band. Similar behaviour has been reported in Sm
doped ZnO nanorods [54]. PL spectra of pure and Ce doped ZnO nanorods also show blue emission peak located at
470 nm and may originate from recombination of the Zn 4p and O 2p electrons in the conduction and valence band,
respectively [39].

The broad emission peak in the green-yellow region of the visible light spectrum is attributed to deep-level emis-
sion and is due to different point defects, such as oxygen vacancy, zinc interstitial and surface defect [39, 55, 56, 57,
58]. As seen in Fig. 5 (B), the green-yellow emission is initially enhanced compared to pure ZnO when Ce dopant
is introduced, reaching a maximum emission for 4.0 at% Ce. Further increase in Ce dopant concentrations resulted
in a decrease in the intensity of the green-yellow emission. Introducing more dopant can increase the defects in the
sample, possibly oxygen vacancies. The decrease in the emission intensity at higher concentration could be due to
the formation of defects in the sample, which results in increasing scattering of the photons. Similar phenomena were
observed for N-doped ZnO nanorods arrays [59]. Mahmood et al. [59] found that the PL peak intensity decreased at
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Figure 4: (Color online) (A) Room temperature Raman spectra (Y-Offset) of undoped and Ce doped ZnO nanorods at
different levels of doping: (a) 0.0, (b) 4.0, (c) 6.0, (d) 8.0 and (e) is 10.0 at% Ce, respectively. (B) The E2 (high) mode
showing the shift in the peak with increasing the Ce dopant.

higher levels of N dopant due to increased photon scattering by defect caused by doping in the crystal. The presence
of defects seen by PL are in good agreement with results from Raman scattering (see Fig. 4).

4.3.3. UV-vis
Fig. 6 shows room temperature UV-vis transmittance spectra of pure and Ce doped ZnO nanorods. After the initial

drop at 4.0 at% Ce, the overall transmittance in the visible region first increased and then decreased with increasing
Ce concentrations and shows maximum at 10.0 at% Ce (≈ 81.3 %) doped ZnO nanorods. As on can observe in the
range of 500 - 800 nm the optical transmittance decreased from 75.5% at 0.0 at% Ce to 68% at 4.0 at% and thereafter,
it increased to 78.9% at 6.0 before it decreased again to 74.0 % at 8.0 at% Ce. Finally the transmittance increased to
81.3 % at 10.0 at% Ce. Similar trends have also been reported for Ce and Sm doped ZnO [38, 60]. It can be seen from
Fig. 6, pure and Ce doped ZnO nanorods do not transmit the UV light below 300 nm. The presence of a broad peak
in the range of 300 - 315 nm and it become more pronounced for Ce doped ZnO nanorods at 6.0 at% could be due the
defect presented in the nanorods.

The optical band gap (Eg) of a direct band gap ZnO wurtzite structure was calculated using Tauc’s law [61]:

(αhν)2 = C∗(hν − Eg) (2)

where, hν is the phonon energy, C∗ is constant, Eg is the optical energy gap and α is the absorption coefficient
calculated using equation [61]:

α = (
1
d

)ln(
1
T

) (3)

where d represents the thickness of the nanorods and T is transmittance. The optical band gap was extracted from the
Tauc’s plot ((αhν)2 versus hν) in which straight line portion was extrapolated to zero absorption coefficients (α = 0) as
shown in Fig. 7 (plot not shown for 4.0 at% Ce). The obtained Eg values for, 0.0, 4.0, 6.0, 8.0 and 10.0 at% Ce doped
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Figure 5: (Color online) PL spectra of (a) 0.0, (b) 4.0, (d) 6.0, (c) 8.0 and (f) is 10.0 at% Ce doped ZnO nanorods,
respectively, measured at room temperature. (A) and (B) are the UV and the green-yellow emission, respectively.

ZnO nanorods were 3.240, 3.236, 3.267, 3.290 and 3.288 eV, respectively. The Eg value increased with increasing Ce
dopant concentration when compared to undoped ZnO nanorods. This widening in the optical band gap could be due
to the well known Moss-Burstein effect [62, 63, 64].

4.4. Electrical characterization
Fig. 8 shows forward and reverse bias semilogarithmic I-V characteristics of Pd/ZnO/ITO Schottky diodes based

on pure and Ce doped ZnO nanorods measured at room temperature. The structures have exhibited an excellent
rectification behaviour when ZnO was doped with Ce, as shown in Fig. 8. It should be mentioned that, the Pd contacts
were annealed in air at 300◦ C for 3 min. The fabricated nanorods of pure and Ce doped ZnO underneath the Pd
contacts could be considered as a collections of a single Schottky diodes aligned together in parallel. As evidenced
in Fig. 8, the rectification is significantly improved by increasing the Ce dopant at the applied voltages -1 V. The
difference between forward and reverse bias at 10.0 at% Ce doped ZnO nanorods is six orders of magnitude compared
to the pure sample (see Fig. 8). Obtained results for Schottky diodes at 0.0 at% Ce are similar to our previous work
doping with Sm [54].

The I-V characteristics in Fig. 8 can be divided into three regions: the reverse bias (I), the thermionic emission
(II) and the series resistance limited region (III). The thermionic emission region increase in width and the linear
section become steeper with addition of Ce compared to the undoped diodes. Further increase in the Ce dopant
does not change the linearity of I-V plot. However, increasing the Ce dopant increase the series resistance. The I-V
characteristics of Schottky diode forward bias can be described using the thermionic emission theory [65].

The observed values of the Schottky barrier height, ideality factor and the saturation current as determined from
the fit are shown in Table 2. The obtained n values are slightly higher than the value for an ideal diode (n = 1) which
may be ascribed to some factors such as surface and interface states, series resistance, voltage drop across the metal
semiconductor junction and interfacial dielectric layers [66, 67].

The obtained Schottky barrier height from the fit at applied zero voltage for undoped samples deviated from the
theoretically calculated one ≈ 1.0 eV (difference between the Pd work function (5.22 eV) and ZnO electron affinity
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Figure 6: (Color online) The UV-vis transmittance spectra of pure and Ce doped ZnO nanorods: (a) 0.0, (b) 4.0, (c)
6.0, (d) 8.0 and (e) is 10.0 at% Ce, respectively, measured at room temperature.

Table 2: Schottky barrier height, ideality factor and saturation current of a fabricated Schottky devices based on Ce
doping in ZnO nanorods.

Concentration (at%) φB (eV) n Is (Amps)
0.0 0.553 4.45 79.13×10−8

4.0 0.764 3.00 12.64×10−11

6.0 0.826 1.36 9.10×10−12

8.0 0.824 1.37 23.12×10−12

10.0 0.856 1.34 3.43×10−12

(4.20 eV)). However, for Ce doped samples the deviation is less than for the undoped samples. This deviation could
be due to the formation of barrier height inhomogeneities at the interface resulting in deviation from linearity of I-V
characteristics [68] or the presence of interface states.

Fig. 8 also shows that the increase in reverse bias current (region I) with increasing applied reverse voltage
becames more pronounced for Ce doped ZnO samples. This increase in the reverse current may be attributed to
the presence of an insulator layer between metal and semiconductor, inhomogeneity of barrier height and image
force effect [68]. It can also be observed from Fig. 8 that, the series resistance denoted by region III at 8 at% is higher
compared to the rest of the samples. This could be due the formation of poor contact between the Pd and the nanorods.

5. Conclusion

In summary, Schottky diodes based on pure and Ce doped ZnO nanorods were fabricated on ITO substrates using
a chemical bath deposition technique. XRD results revealed that the as-synthesized samples were highly crystalline
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Figure 7: (Color online) Tauc’s plot of (a) 0.0, (b) 6.0, (c) 8.0 and (d) is 10.0 at% Ce doped ZnO nanorods, respectively.

nanorods grown perpendicularly to the ITO substrate. Moreover, no other peaks except those due to ZnO and the
ITO substrates were observed, indicating that the Ce has been successfully incorporated into the ZnO lattice. Raman
spectra showed a sharp and intense E2 high mode, indicating that the ZnO was highly crystalline with a wurtzite struc-
ture. The E2 high mode peak was red shifted with increasing the Ce dopant concentrations. The PL spectra measured
at room temperature showed two main peaks namely, a UV and a green-yellow band in the visible region. The PL
spectra also revealed small UV peaks located at 388 and 393 nm. Furthermore, Ce doping in ZnO nanorods enhanced
the green-yellow emission. The optical band gap obtained from UV-vis results indicated that Ce has increased the
optical band gap. The electrical characterization of the Schottky diodes were investigated by I-V measurements at
room temperature, and the electrical parameters were determined. The rectification behaviour of the Schottky diodes
was improved by increasing the Ce dopant concentrations with maximum rectification attained at 10.0 at% Ce with
barrier height and ideality factor of 0.856 eV and 1.34, respectively.
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