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Abstract - In this present work, we reported and
discussed the Pure and Dy (0.01, 0.02 and 0.03 at wt. % )-doped
Zn0 thin films deposited on a glass substrate using sol-gel spin
coating technique at constant 3000rpm for the 30s and
annealed at 450°C. As prepared and various concentration of
Dy doped films were characterized by X-ray diffraction (XRD),
UV-Visible  spectroscopy (UV-Vis), Photoluminescence
spectroscopy (PL) and Scanning Electron Microscopy (SEM).
The XRD pattern showed that all the films are polycrystalline
with hexagonal Wurtzite structure and preferentially oriented
predominantly along the (101), (002) and (100) growth
planes. All the prepared films exhibited low magnitude of
transmittance (10 to 40%) in the UV visible range and above
450nm, the optical band gap values decreased from 3.214 to
3.053 eV with increasing doping concentration whereas the
average crystalline size decreased from 36.47 to 16.46nm. The
PL spectra of ZnO and Dy doped films showed a broad and
intensive peak at 384nm (violet emission) is more intense than
the peaks at 432nm, 413nm (violet emission) and 470nm (blue
emission). The SEM micrographs indicated that the pure ZnO
films have wrinkle structure, and the doped ZnO films show
homogeneous root-like morphology.
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1. INTRODUCTION

ZnO is considered as a very promising functional
electronic material due to its electrical, optoelectronic and
luminescent properties [1]. ZnO is a group 1I-VI wide direct
band gap (~3.37eV) semiconductor with a large exciton
binding energy of 60meV at room temperature and
hexagonal Wurtzite structure with lattice parameters of
a=b= 3.250A and c= 5.2064, then it has attracted much
attention because of its numerous prospective applications
in many fields [2,3]. Especially, modified ZnO can be used as
gas sensors, actuators, piezoelectric transducers, varistors
[4], laser diodes, photoconductive UV detectors and high
frequency surface acoustic wave (SAW) device [5]. Recently,
few scientific team interested to fabricate in ZnO-based thin

films as flat-panel displays (FPDs) and photovoltaic
applications, such as the anodic electrode of organic light
emitting device (OLED) displays, the active channel layer of
thin film transistors (TETs) and the transparent electrode
window layer of thin film solar cells [6,7]. The ultraviolet
radiation from the excited ZnO thin film is detected, which
makes it possible to manufacture ultraviolet laser devices.
This kind of short wave laser device will be a substitute for
infrared laser memory. In addition, various light emitting
devices such as blue light, green light and purple light can be
produced by ZnO films [4].

Therefore, many technologies have been developed
to fabricate ZnO films, such as reactive magnetron
sputtering, the filtered cathodic vacuum arc (FCVA)
technique, plasma assisted molecular beam Epitaxy (PMBE),
pulsed laser deposition [8], buffer assisted pulsed laser
deposition [6], solid state reaction method [9], co-
precipitation method, metal organic chemical vapor
deposition (MOCVD), spray pyrolysis technique and the sol-
gel route. However, the sol-gel method provides the greatest
possibility of synthesizing homogeneous and large area
oxide films with low costs, low crystallization temperatures
and high vacuum -free conditions [10]. Further, an
outstanding merit of the sol-gel method is that the doping
concentration of the base materials is facile and exactly
controllable.

Substitution of a Zn2* ion by rare earth group ions
such as Sm3+ Ln3+ Eu3+ Tb3+ Nd3* and Dy3+ will produce
extra electrons and improve optical, electrical thermal and
magnetic properties [11]. The most commonly used dopant
among rare earth element is Dysprosium (Dy), hence in this
work, we proposed ZnO and ZnO: Dy thin films deposited by
sol-gel spin coating technique and focused on investigating
the effect of Dy doping concentration on the structural,
morphology the sol-gel method using the spin coating
technique.
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2. MATERIALS AND METHODS

Undoped and Dy doped ZnO films were synthesized
by a sol-gel spin coating method. The ZnO films were
realized onto glass substrates. Before the fabrication
process, the substrates were cleaned using isopropanol (IPA)
for eliminating the dust or contaminants and then rinsed
with deionized (DI) water. The precursor solution was
prepared as follows: Zinc acetate dehydrate
[Zn(CH3C00)2.2H,0] was dissolved in Isopropyl alcohol
[(CH3):CHOH], and added were ethanolamine and
Dysprosium (III) nitrate pentahydrate [Dy(NOs)3.5H;0]
dissolved in (IPA) Isopropyl alcohol as stabilizer and
dysprosium dopant source, respectively. The molar ratio of
EA to Dy and Zn acetate was maintained at 1.0. These
solutions of 0.5M were mixed together in nominal different
volume proportions of 1%, 2%, 3%. Each complex solution
was stirred for 2h at room temperature until a transparent
and homogeneous sol was obtained. The solution was
dropped onto glass substrates which were rotated at
3000rpm (rotation per minutes) for the 30s. After depositing
by spin coating, the films were dried at 200°C for 10 min into
a furnace to evaporate the solvent and remove organic
residuals. The process of spin coating and heating were
repeated 8 times until the films were formed with a proper
thickness and then subsequently annealed at 450°C for 1h in
order to crystallize them.

The structure of Dy-doped ZnO film was
characterized by (XRD, PAN Analytic X'Pert Pro.) at
A=1.5406A. The photoluminescence (PL) properties were
recorded by using Varian Cary Eclipse fluorescence
spectrometer with excitation wavelength range about 200-
900 nm. Morphological studied and energy dispersive X-ray
analyses have been performed with a (Vega 3 Tescan)
Scanning electron microscope (SEM) equipped with energy
dispersive X-ray analysis (EDAX-Bruker) for getting the
elemental chemical analysis. The optical absorbance and
transmittance of the films were recorded by a UV-Visible
Spectrometer (UV-Vis) (Ocean optics HR 2000) at
wavelength range 280 to 1100 nm, and then the optical band
gap energy was calculated with.

3. RESULTS AND DISCUSSIONS

3.1 X-ray Diffraction Analysis
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Fig -1: XRD patterns of Undoped and Dy-doped ZnO thin
films.

X-ray diffraction patterns of pure ZnO and Dy doped
ZnO thin films deposited on glass substrate by spin coating
technique at 3000 rpm for 30 s and annealed at 450°C shown
in fig.1. All films were polycrystalline with hexagonal
wurtzite structure, confirmed with International Centre for
Diffraction Data (ICDD) card no. 36-1451 [12] and the
intense peak at (101) reveals that the crystallites on the
films are later growth to the surface of the substrate [13].
When the dopant concentrations are increased, the intensity
of diffraction peaks is continuously decreased. It indicates,
decreasing the crystallinity of the films with respect to Dy
concentrations. These XRD patterns showed that the
intensities of diffraction peaks declined as Dy concentration
increased (i.e,) Dy doping within ZnO films caused the
crystallinity to degenerate [5].

The crystallite size of pure and Dy doped ZnO films
was calculated from the Scherer’s formula, dislocation
density (8) and micro strain (i) were calculated using [7]. As
Dy doping content increased, the crystallite size decreased
from 36.47nm to 16.46nm. It is ascertained that rare Dy
atoms lead to a decrease in the grain size, as a result, it
exerts a drag force on boundary motion and grain growth
whereas, the micro strain and dislocation density increases
for different Dy concentrations [14].
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Table -1: Crystallite size, Dislocation density and
Microstrain for different pure and Dy doped ZnO thin

films.
Dislocation . .
(lines/m?)
ZnO 36 1.542 3.01
1%Dy: ZnO 25 2.653 4.52
2%Dy: ZnO 19 3.070 5.54
3%Dy: ZnO 16 7.608 6.37

3.2 Photoluminescence spectra analysis

(a) Pure ZnO

(b) 1% Dy:Zn0
(¢) 2% Dy:ZnO
(d) 3% Dy:ZnO
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Fig -2: Photoluminescence spectra of pure and Dy doped
ZnO thin films.

PL spectroscopy was used to study the
luminescence properties of thin films. Fig.2 shows PL
emission spectra of pure and Dy doped ZnO samples
recorded at 320 nm excitation wavelength over the range
350 to 500 nm. The PL spectra of ZnO exhibited, a broad
emissions peak at 384nm in the UV region due to a
recombination of free excitons and one or more emissions
peaks in the visible spectral range, it is accepted that the
visible luminescence mainly originates from defect states
such as Zn interstitials and oxygen vacancy. All films exhibit
a UV emission at 384 nm is originated from the exciton
recombination corresponding to the near-band edge
transition (NBE) of ZnO and less visible emissions peaks are
observed at413 nm, 432 nm, and 470 nm which correspond
to violet and blue emission [15]. The violet band at 432 and
413nm were assigned to the recombination of an electron at
Zinc interstitial and a hole in the valence band. The blue

band at 470nm is attributed to the recombination between
the zinc interstitial (Zni) energy level to the zinc vacancy
(Vzn) energy level, and approximately itis in agreement with
the transition energy from Zni energy level to (Vzn) energy
level [16]. Fig. 2 shows that the PL peak position of NBE in
Dy doped ZnO films does not shift significantly with
increasing Dy concentration, however the intensity of NBE
emission decrease monotonically as the Dy concentration in
ZnO thin film was increased [6].

3.3 Scanning electron microscopy analysis

Scanning electron microscopy was used to
determine the microstructure of thin films. The morphology
of pure ZnO and Dy doped ZnO thin films deposited by spin
coating technique and annealed at 450°C as shown in Fig. 3.
Fig. 3(a) can be described as a structure of very fine
particles, whose mean diameter around 0.757pum, but this
structure is not completely flat and looks like wrinkled
structure [17]. Fig. 3(b-d) represents the Dy doped ZnO thin
films. It can be seen that all films have a uniform and
homogeneous root like morphology and with tiny
nanoparticles [11, 18] and they had the longest diameter
compared to all other samples respectively. The root like
structures tightly bonded with increasing Dy concentration.
During deposition, the layer of crystalline grains is built onto
a glass substrate. Many particles were merged with other
particles to make a long structure of ZnO which is called
twisted root-like morphology [11].

Fig -3: SEM images of (a) pure ZnO (b) 1% Dy: ZnO (c) 2%
Dy: ZnO and (d) 3%Dy: ZnO thin films.
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3.4 Energy dispersive X-ray analysis (EDX)

Chemical analyzes are consistent with these 4

. (a) Pure ZnO
observations by the strong presence of O, Zn and Dy (b) 1% Dy:ZnO
elements in all studied films [19]. EDX spectra of pure ZnO 1 (€) 2% Dy:Zn0O
and Dy doped ZnO systems are shown in Fig. 4(a-d). Fig. 4(a) (d) 3% Dy:ZnO

shows the peaks of Zn and O elements in pure ZnO and Fig.
4(b-d) shows the peaks of Zn, Dy and O elements for the
doped (ZnixDyx)O samples thus it allows us to study the
effect of increasing Dy content on ZnO matrix [16]. The Dy
doped ZnO films are only composed of Zn, O and Dy, which
confirms the presence of dysprosium within the films.
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3.5 UV -Vis Spectroscopy analysis E
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The absorption spectra of hierarchical structures of E

ZnO films deposited on a glass substrate with various 2 40 4
concentration of Dysprosium nitrate such as 0%, 1%, 2% E

and 3% carried out in the wavelength range of 300-1100 nm
were shown in Fig.5. It is absorbed that absorption edge
slightly shifts towards higher wavelength region with an 20
increase in the doping concentration [20] the spectra of films
show a band gap absorbed edge at around 400 nm that
results from the electron transition from the valance band to
the conduction band [21].
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Fig-6: Transmittance spectra of ZnO thin films doped with
different Dy concentration
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The band gap of the pure and Dy doped ZnO thin
films was estimated by extrapolation of the linear portion of

(chv)2 versus photon energy (hv) as shown in fig. 3.7(a-d)
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Fig -7: Band gap values of (a) Pure ZnO (b) 1% Dy: ZnO (c)
2% Dy: ZnO and (d) 3% Dy: ZnO thin films

The optical band gap energy decreases from 3.214
to 3.053eV with increasing Dy concentration, this decrease
in band gap with an increase in Dy doping can be attributed
to the sp-d spin exchange interaction between the band
electrons and the localized d electrons of the Dy?2* ions
substituting Zn2* ions [15].

The optical parameters are a refractive index for
application of ZnO films in optic communication
applications. It is well known that the complex refractive
index (n) of the films can be expressed by the following
relation,

n =n(A) +ik(A)

The refractive index (n) of the films were calculated by the
following relation,

”{iij—\/(ﬁi)z K

Where,
n is the refractive index (real part)
ad
k= (;) is extinction coefficient (imaginary
part) and

R is the reflectance.

2.2
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Fig -8: The variation of refractive index (n) of the pure and
Dy doped ZnO thin films.

Fig. 8. shows the refractive (n) index of pure and Dy doped
ZnO thin film with different Dy contents in the wavelength
range of 300 to 1100 nm. The refractive index of all samples
decreased with respect to wavelength. It can see that the n
values increase with the increasing doping content. In
general, the refractive index of ZnO single crystal is about 2.0
[24]. However, it was found that the average refractive index
of all the obtained films in the visible range has been varied
in the range of 2.01 to 2.04. The variation of the refractive
index is with respect to the thickness of films. When the
crystallite density is high in film, the light interaction is more
on crystallites in the film. This leads to increase the
refractive index of the film [25].

4. CONCLUSIONS

Pure and Dy-doped (0.01, 0.02 and 0.03 at.%) ZnO
thin films deposited on a glass substrate using sol-gel spin
coating technique at constant 3000rpm for the 30s and
annealed at 450°C. The XRD pattern showed that all the films
are polycrystalline with hexagonal wurzite structure and
preferentially oriented along the (101) growth planes. All the
prepared films exhibited low magnitude of transmittance
(10 to 40%) in the UV visible range and above 450nm, the
optical band gap values decreased from 3.214 to 3.053 eV
with increasing doping concentration whereas the average
crystalline size decreased from 36.47 to 16.46nm. The PL
spectra of ZnO and Dy doped films showed a broad and
intensive peak at 384nm (violet emission) is more intense
than the peaks at 432nm, 413nm (violet emission) and
470nm (blue emission). The SEM micrographs indicated that
the pure ZnO films have wrinkle structure, and the doped
ZnO films show homogeneous root-like morphology.
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