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Abstract. Water-induced solution processing has gained interest for being environmental friendly. In this study,
yttrium(Y)-doped ZnO thin films (ZnO:Y) on glass substrates using water-induced deposition route, without incorporating
with sol-gel technique, were fabricated. The Y concentration as a dopant was varied as (0, 0.031, 0.047 and 0.063) atomic
(at) % in the synthesized films. The morphological, structural and optical properties of these films were investigated using
atomic force microscopy (AFM), Raman spectroscopy and spectroscopic ellipsometry. AFM investigations found out that
all films are free of cracks and morphology changed significantly with doping. This low-cost deposition route has
produced the wurtzite phase of ZnO in all thin films and Y-doping has improved the crystallinity. The films were highly
transparent with transmission coefficient above 80% and an increase in the bandgap energy from 3.15 to 3.27 eV, with
Y-doping, was observed. The optical constants such as refractive index, extinction coefficient and dielectric constants
were extracted from SE results. The present study demonstrated that simple water-based solution processing is robust and
can produce high-quality ZnO thin films for use in large-scale electronic and optical applications.
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Introduction

Zinc oxide (ZnO) has gained significant interest over the
past decade or so due to its peculiar properties that have
been exploited in various technological applications. To
name the few are transparent electrodes [1], solar cells [2,3]
and gas sensors [4,5]. It exhibits a direct bandgap of 3.0–3.3
eV [6,7] (which makes it a wide bandgap semiconductor)
and high chemical stability. Moreover, high transparency in
infrared and visible region, high photostability and high
refractive index add to the versatility in multifunctions of
ZnO, thereby extending its application range further. ZnO is
also known for its large exciton binding energy (60 meV)
rendering it a brighter emitter than GaN [8,9]. Some
important factors that have played role in boosting research
about ZnO are its low-cost availability and its flexibility to
be processed with both vacuum [6,7,10,11] and solutionbased methodologies [12–14].
Among variety of solution processing methodologies, the
sol–gel technique is quite popular for it offers not only the
simplicity of operation, atmospheric processing but low cost
as well. Further to this, most importantly, doping to the host
material using this technique is extremely easy, controllable
and moreover large area deposition can be achieved readily.

It has now been understood that tailor-made physical/chemical properties of a material play a key role in
increasing horizons of possible applications and this can be
achieved by doping with the right choice of elements.
ZnO is considered to be a unique host material for doping
of various metals [6,15,16] and rare-earth elements [17,18].
Sol–gel method has been extensively employed for doping
of magnesium (Mg) [19,20], nitrogen (N) [21], tin (Sn) [22],
gold (Au) [16] and aluminium (Al) [23,24] and more with
ZnO. Doping with rare-earth elements have resulted in
high-quantum efficiency making them suitable for optical
applications [25], because the incorporation of rare-earth
ions, which have partially filled 4f shells into e.g., ZnO, the
intra-4f optical transitions become possible because of
splitting induced by the crystal field of the matrix [26].
Yttrium has got special attention among the rare-earth
elements for producing highly transparent films [27].
Yttrium was chosen as a dopant in this study because it
brings about an extra free electron to the host lattice, since
Zn?2 is replaced by Y?3, therefore theoretically yttrium has
the potential to upgrade both optical and electrical properties of ZnO. Sol–gel dip coating was employed in the study
done by Yu and others [28] to obtain Y-doped ZnO films.
The authors found a significant change in surface
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morphology with doping, although all the films exhibited
growth in (002) preferred orientation. Effect of annealing
atmosphere was explored for resistivity, which decreased by
about three orders of magnitude for films annealed in the
reducing atmosphere. Ivanova et al [29] have reported
structural and optical properties of Y-doped ZnO films
fabricated by sol–gel spin coating method. The X-ray
diffraction (XRD) analysis had revealed that doped films
exhibited a change in structure and phase as compared to
undoped films. Bandgap of doped films were found to
decrease with annealing temperature. Thirumoorthi and
Prakash [30] have reported Y-doped ZnO films using solgel method and have investigated photoluminescence and
electrical properties of these films. There is a very recent
report on Y-doped ZnO thin films fabricated on glass substrates by spin coating using organic solution [31]. XRD
analysis revealed that all the films were polycrystalline with
a hexagonal wurtzite structure. Moreover, Y doping level of
2 at% produced 88% transparency in the visible region, the
bandgap of 3.23 eV, and the lowest electrical resistivity was
of about 2.62 9 10-3 Xcm. It is important to note that
Y-doped ZnO nanostructures have also been studied for
optimized photocatalytic properties, ultraviolet emission in
photoluminescence, transparent conductive coatings
[27,32], antibacterial activity [33] and gas sensing [34].
Despite the low fabrication costs and high throughput,
solution processing is based on metal organic precursors
for metal oxide films. The thermal decomposition of
organic species/precursors can lead to rough surface and
highly porous films [35]. Moreover, this can lead to
chemical waste that can be toxic. In 2008, Meyers and
co-workers [36] demonstrated a simple water-induced
route for deposition of ZnO films for thin-film transistor
applications, using zinc nitrate as a precursor. It is now
extensively important to apply the technique for fabrication of Y-doped ZnO films to investigate its applicability
and impact on the properties of these films. It is important to mention that aqueous solution processing is safe,
healthy and environmental friendly technique that also
comes with least waste. Since the method is based on
water-soluble precursors, therefore, the oxide films attain
decomposition and densification at lower deposition
temperatures when compared with organometallic precursors normally used, and this can ultimately be a factor
altering the structural and optical characteristics of the
film thus produced. Further to this and most importantly,
release and decomposition of small nitrate groups [37]
can lead to smoother surface morphology of the film and
contribute to enhance the properties. The technology can
lead to new horizons for next-generation transparent
electronics and can integrate with upcoming 2D materials
technology.
In this study, we have used simple water-based solutions,
without any need to prepare sol–gel, to fabricate Y-doped
ZnO films on glass substrates. This eradicates the likelihood
of risks of voids produced in the films from contraction of a
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wet gel after drying and of precipitation of a specific oxide
that occurs in sol formation and make the process much
simpler. The effect of varying Y doping levels has been
elucidated on physical and optical properties of ZnO films.
Atomic force microscopy (AFM) was employed to study the
surface morphology of the films, and Raman spectroscopy
was used to study crystallinity of the films. Spectroscopic
ellipsometry (SE) was employed to determine transmittance, reflectance and other optical parameters of the films.

2.

Experiment

For this study, zinc nitrate hexahydrate (Zn(NO3)26H2O)
and yttrium nitrate hexahydrate (Y(NO3)36H2O) precursors
were bought from Sigma Aldrich, with 99.8% purity. The
zinc-based precursor was used to prepare solution for ZnO,
with 0.2 M concentration in deionized (DI) water. The
doping was achieved by adding yttrium precursor in the
atomic percent (at%) of 0.031, 0.0475 and 0.063 into separate ZnO solutions, and the resultant films are referred with
sample labels as ZnO, ZY3, ZY4 and ZY6, respectively,
throughout the text. For deposition purposes, four different
solutions were homogenized by magnetic stirring, at room
temperature, for 2 h. All solutions were found to be transparent as well as stable and were filtered using 0.22 lm
syringe filters before spin coating. Substrate used in this
study was microscopic glass slides cut into 1 9 1 in2. All
substrates were pre-cleaned ultrasonically in acetone, IPA
according to standard procedure and later dried with nitrogen gas.
Each film was prepared by spin coating four layers using
a spin coater spinning at 3200 rpm for 30 s on the glass
substrate, in air. The deposition of every layer was followed
by sintering at 300°C for 10 min in air to remove the solvent
and organic residuals. Once four layers were deposited, the
films were annealed at 350°C in air for 1 h. Surface morphology of the films was obtained using Keysight Technologies PICOPlus atomic force microscope (AFM) in the
tapping mode. Raman spectra of the samples were collected
using Horiba Jobin Yvon Spectrometer at excitation
wavelength of 514 nm from an Argon laser. SE was performed to obtain optical reflectance, optical transmittance
and film thickness using SENTECH Instruments GmBH
850 with Xe lamp. The data were taken in the wavelength
range of 300–800 nm and was fitted using Spectra Ray
software.

3.

Results and discussion

3.1

Surface morphology

The three-dimensional (3D) AFM images for all films are
shown figure 1. It is clear that all the films were continuous
and free of voids depicting aptness of the fabrication
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procedure. It can be seen that pure ZnO film had grain-like
structures as expected for a polycrystalline ZnO films. The
images clearly indicated the topographical differences
between the films and that the doping had brought about a
significant change in surface morphology of the films.
Moreover, it can be anticipated from figure 1 that
agglomeration of grains had happened as the doping level
was increased and that the dimensions of the grains of the
doped films were quite large. Though, no specific trend in
variation of average grain size with the doping was
observed and the same has been reported earlier [38]. This
information is also listed in table 1.
Both surface roughness parameters, namely, root mean
square roughness Rq and average roughness Ra, shown in
table 1, demonstrated a significant difference in roughness
with doping. However, it should be noted that grain size is
not the only factor that can influence the surface roughness;
the latter is also affected by factors such as growth conditions and chemical reactions in the precursor solutions. The
AFM results demonstrated that the surface morphology of
Y-doped ZnO thin films were strongly affected by the Y
content in the ZnO films and that the films produced had
high surface roughness.

3.2

Raman spectroscopy and crystal structure

Raman spectroscopy was performed to determine the effect
of Y doping on the crystallinity of ZnO films because the films
were ultrathin for XRD studies. The observation of allowed
Raman modes manifests the formation of crystalline structure
and the shift and broadening of these modes manifests
structural disorder, lattice defects (vacancies, interstitials and
surface impurities) and sometimes phonon confinement [39].
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In this context, it is important to recollect the Raman modes of
ZnO investigated already, for reference purposes. It is well
known that ZnO has a wurtzite structure, for which group
theory predicts that only the optical phonons at the Brillouin
zone centre (C) exhibit Raman scattering and result in the
following modes: Copt = A1 ? 2B1 ? E1 ? 2E2 [40]. The
polar modes, namely A1 and E1, appear further as transverse
optical (A1TO and E1TO) and longitudinal optical (A1LO and
E1LO) components [41–43]. E2 is a non-polar mode, an
indicative of ZnO wurtzite structure, and it exhibits two
components E2low and E2high [44], which are linked with Zn
and oxygen sub-lattices, respectively. The B1 is known as a
silent mode [45]. The frequencies of these fundamental
optical modes in ZnO are [46]: E2low = 101 cm-1, E2high =
437 cm-1, A1TO = 380 cm-1, A1LO = 574 cm-1, E1TO = 407
cm-1, and E1LO = 583 cm-1.
Raman spectra taken from all films are shown in figure 2.
It can be observed that all the samples exhibit three welldefined broad peaks around 569, 800 and 1100 cm–1. All the
modes were identified by Lorentzian distribution fitting of
the spectra and are shown in table 2, which includes both
peak positions and their symmetry, and are compared with
the reported literature. Raman spectrum from the pure ZnO
thin film showed three prominent modes at 433, 568 and
587 cm-1 referred to as E2high, A1LO and E1LO phonon
modes of the ZnO wurtzite structure, respectively [47].
Although E2high mode is considered to be the most
prominent Raman mode indicative of wurtzite structure of
ZnO, but in the present case A1LO and E1LO phonon modes
were also observed, shown in figure 2, as broad bands in
(562–590 cm-1) range.
The variation in the peak position of E1 Raman mode at
579, 587, 584, 576 cm-1 for ZnO, ZY3, ZY4, ZY6 films,
respectively, was attributed to the variation in the formation

Figure 1. AFM images of (a) ZnO, (b) ZY3, (c) ZY4 and (d) ZY6 samples. A clear change in surface morphology is
evident with the addition of dopant.
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Table 1.
Samples
ZnO
ZY3
ZY4
ZY6
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Surface roughness and grain size data obtained from AFM.
Roughness RMS, Rq (nm)
4.69
23.94
10.87
16.31

±
±
±
±

2.10
8.36
7.15
5.57

Roughness avg, Ra (nm)
3.49
19.40
8.37
12.48

Figure 2. Raman spectra obtained for ZnO, ZY3, ZY4, and ZY6
samples. Important modes of E2high, A1LO, and E1LO are clearly
visible, indicating the wurtzite structure for all the samples.

of intrinsic defects, such as oxygen vacancies (Vo), zinc
interstitials (IZn), and lack of free carriers. This is in
agreement with previous reports [42,43]. The A1LO mode
observed at 567, 564, 567, 568 cm-1 in ZnO, ZY3, ZY4,
ZY6 films, respectively, demonstrated the preferred (002)
crystalline orientation of these films. Shift in this mode as a
result of doping could again be due to the presence of Vo
and IZn in the synthesized films [48]. The full-width at halfmaximum (FWHM) of A1LO mode is known to represent
the degree of disorder/damage in the crystal [49] and it was
found to vary as (80.88 ± 6.58, 76.58 ± 6.35, 63.45 ± 4.25,
80.05 ± 6.10) cm-1 for ZnO, ZY3, ZY4, ZY6 films,
respectively. The FWHM first decreased with the initial
level of doping but then retrieved to the value observed for

±
±
±
±

1.98
7.70
5.27
4.5

No. of grains

Grain size (nm)

302
48
199
60

13.0
46.3
18.2
51.48

the pure film. There is an overall improvement in the
crystalline quality of ZnO films brought about by Y-doping.
The E2high mode observed in all films are plotted in
figure 3 for clarity. The E2high mode has generally been
reported for stress-free bulk ZnO at 439 cm-1 [41,50], and
for thin films at 433 cm-1 [51,52] and 437 cm-1 [44,53]. In
this study, E2high at 433 cm-1 for ZnO film also confirmed
the wurtzite phase with film orientation along c-axis (002
plane) and was displaced at positions of 437, 444, 441 cm–1
for doped samples ZY3, ZY4 and ZY6, respectively. The
shift in E2 mode energy also provides the information about
compressive/tensile stress in the film [42,54]. In this study,
lack of oxygen was reflected in low Raman scattering
intensity of this mode for all the films, attributed mainly due
to the deposition procedure. The shift of this mode, with
doping, demonstrated the presence of compressive stress in
the deposited films, which is mainly caused by the incorporation of Y in the ZnO lattice. Moreover, the oxygen
deficiency was also one of the reasons for intense E1LO
peak [55,56] observed for all the films, in this study. In this
region of spectra, another Raman mode was observed at
480, 476, 475, 478 cm-1 for films and has been established
as a surface optical phonon mode in earlier studies and was
found around 484 cm-1 for sol–gel fabricated ZnO films
[57].
Raman modes observed in the range of 612–639 cm-1
are known as localized modes and have been recognized as
combination of optical and acoustic phonons (TA ? TO,
TA ? LO) in earlier reports [58,59]. The peaks observed
around (770–799) cm-1 and 1078 cm-1 were identified as
those from the glass substrate [42]. Broad band that
appeared around 1100 cm-1 in this study has also been
observed for carbon C-doped ZnO films deposited by spray
pyrolysis [60]. According to previous studies, the combination of acoustic phonons of the A1 ? E2 symmetry are
observed around 1101 cm-1 in bulk ZnO [39,44,45],
whereas as in our case this covered a broad range
(1000–1200) cm-1. Peaks in the high frequency region
(1124–1138) cm-1 were attributed to overtones of multiple
vibrational modes at par with earlier reports [39,61,62].
It can thus be concluded in this regard that we have been
able to observe and identify the Raman modes that confirm
the existence of wurtzite phase of ZnO present in all the
films and are listed in table 2 for comparison. Moreover,
spectra revealed a sheer lack of oxygen in the synthesized
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Table 2. Frequency and symmetry of the fundamental phonon modes observed for pure and doped samples in the present study and
experimental values collected from reported literature sources.
Raman mode (cm-1), this study
Raman mode (cm-1), literature reference

Process symmetry

ZnO

ZY3

ZY4

ZY6

E2high

433
480
567
579
612
774
1078

437
476
564
587
610, 624
790
944, 1072
1101
1124

444
475
567, 570
585
636
770, 799
1078
1100
1123, 1134

441
478
553, 568
576
607, 639
784
1079
1098
1133, 1138

A1LO
E1LO

A1 ? E2

1134

Figure 3. E2high mode has been plotted for all the samples. It
shows a significant change in terms of peak position with added
dopant.

films and this could be due to deposition procedure adopted.
Also, the spectra had shown strong dependence on the
amount of dopant consistent with work published earlier by
Gao et al [63]. Most importantly, peak positions of all
modes were matched with the reported data, indicating that
simple water-based solution processing with no sol or gel
preparation has potential to produce good quality of
Y-doped ZnO thin films.
3.3

Optical properties

The transmission (T) and reflectance (R) spectra for pure
and Y-doped ZnO films measured between 300 and 800 nm
are shown in figure 4. We can observe increase in transmittance of doped films (*84–89%) as compared to ZnO

433, 437, 438, 439, 440, 441, 445
474, 485
556, 568, 570
574, 576, 578, 594, 585
613, 618, 632, 663, 668, 690
774, 790
936, 970, 982, 1072, 1078, 1082
1093, 1099, 1101
1133, 1136, 1138

[37,39,42,48,51,58]
[45,59]
[37,59]
[37,45,59]
[37,45,59]
[45,59]
[37,40]
[59]
[37,58–60]

Figure 4. Transmittance and reflectance spectra are plotted
against wavelength for ZnO, ZY3, ZY4 and, ZY6 samples.
Increase in transmittance is observed when the dopant is added. All
the films are above 80% transparent.

films (*75%), in the visible region (300–800 nm). Addition
of Y in ZnO (ZY3 sample) has produced considerably high
transmittance in comparison to pure ZnO film but further
increase in Y has led to a relative decrease in transmittance.
The latter is affected by various factors such as thickness,
reflectance, absorption and surface scattering. On the other
hand, the average reflectance of films was found to be
around 17–22% for all the samples. In addition, it was
observed that the transmittance curves of all the samples
were smooth and showed no oscillations in the visible
spectrum, demonstrating that all the films were very thin.
The latter was confirmed from ellipsometry data and are
shown in table 3.
The transmittance spectra also showed the shift in optical
band edge due to Y-doping. The energy bandgap was
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determined from the Tauc plots using the following
equation.

m
aE ¼ A E  Eg
ð1Þ
where E is the incident photon energy, Eg the band gap
energy, A is the energy independent constant and m an
index that indicates the optical transition during absorption
and is equal to  to represent direct allowed transition or
direct bandgap semiconductor. Moreover, a is the absorption coefficient, which was calculated using the Lambert
law given by:
 
1
1
a ¼ ln
;
ð2Þ
t
T
where t represents the film thickness. The Tauc plot is
plotted between (aE)2 and E, whereas linear extrapolation
of the curve to x-axis produces the bandgap value. These
plots for all samples are shown in figure 5.
Interesting observation in figure 5 is the band edge states
reflected in the band tail extending into the band gap of
ZnO. Pure ZnO film showed a long tail, which was due to
the presence of conduction band edge states. This was
attributed to the oxygen vacancies arising due to the
deposition environment since the films were fabricated in
air. The controlled deposition environment might have
lessen this long tail observed here. However, addition of Y
as dopant helped to overcome the tail states and band edge
became much sharper. For the tail, the bandgap was estimated for pure and Y-doped ZnO films and is plotted in the
inset of figure 5. The doped films showed increase in the
bandgap with the increase in Y concentration consistent
with earlier report [38] and confirmed the Y?3 ion incorporation into the ZnO lattice in the Y-doped ZnO films
grown from spin coating of merely water-based solution.
This bandgap widening of the doped films can be due to
Burstein Moss effect [64], where the Fermi level is shifted
towards conduction band edge due to increased number of
electrons, added from Y?3 ions (substituting Zn?2 ions). It
can therefore be anticipated that Y doping in ZnO introduces donor states just below the conduction band edge,
which contribute to the emission from bandgap state as
transitions from donor states to valence band become quite
dominant. These states are also efficient in the absorption of
light in the bandgap region, which are usually not available
in pure ZnO. Hence, a broader spectrum of electromagnetic
radiation can be absorbed around the UV energy,
Table 3.
Samples
ZnO
ZY3
ZY4
ZY6

Figure 5. Tauc plots for ZnO, ZY3, ZY4 and, ZY6 samples.
Bandgap is extracted by extrapolating the linear portion of the
graph to the x-axis. Inset shows the variation of the bandgap
energy with Y concentration.

suitable for optoelectronic applications. It is noted that the
bandgap values observed here are below the bandgap value
3.37 eV of bulk ZnO [65], but are in agreement with the
already published results [29,65,66]. The obtained values of
the bandgaps are given in table 3.
In order to explore the formation of band tailing into the
energy gap, we have applied Urbach rule that describes the
optical transition near the band edges. The latter then results
in a tailing off exponentially and the associated energy
known as band tail energy or Urbach energy EU can be
calculated by the following equation.
 
E
a ¼ ao exp
ð3Þ
EU
where ao is a constant. Figure 6 shows Urbach plots (lna vs.
E) of all the films. The value of EU was calculated as
inverse of the slope obtained from linear fitting of each
curve; the latter produced linear correlation coefficients of
C 0.99. The values of EU are given in table 3. It can be
found that EU decreases significantly when the Y-dopant is
added in ZnO, but with further increase in doping level it
stays around 250 meV and this value is in agreement with a
recently reported manganese-doped ZnO films [67]. Since
band tail results from the structural defects, therefore this

Optical parameters obtained from ellipsometry data.
Thickness (nm)

Eg (eV)

EU (eV)

Ed (eV)

Eo (eV)

81
84
117
82

3.15
3.26
3.23
3.27

1.72
0.244
0.261
0.257

38.31
45.30
11.36
—

8.62
7.71
4.21
—
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Figure 6. The linear portion obtained from ln (a) vs. E plot for
ZnO, ZY3, ZY4 and, ZY6 samples is shown. The slope manifest
the change in Urbach energy upon doping.

decrease in EU is an indirect indication of an improved
crystalline order with adding Y, consistent with Raman
studies. Therefore, the change in crystallinity affected the
distribution of defects from band to tail, thereby changing
the possible band edge transitions. It is also clear that EU
value varies inversely with Eg, which is in agreement with
indium-doped ZnO films [68] and manganese-doped ZnO
films [67].
The refractive index (n) plays an important role for
optical materials and their applications. It was therefore
considered important to evaluate optical constants of the
films, including extinction coefficient (k) and complex
dielectric constants. The n and k values of these films were
extracted from the reflectance spectra using following
equations [69,70].
sﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
ð 1 þ RÞ
4R
n¼
þ
ð4Þ
 k2
ð1  RÞ
ð1  RÞ2
k¼

ak
4p

ð5Þ

The dependence of n and k values on wavelength are
given in figure 7a and b, respectively.
Figure 7a shows significant variation in the refractive
index in ZnO thin films when doped with Y. This can be
attributed to peculiar variations in reflectance with doping
and change in transmittance, as seen in figure 4. Nonetheless, we could clearly observe an exception here. For ZY6
sample, with highest amount of dopant, we observed
anomalous refractive index dispersion with the wavelength.
It was assumed that excess carriers produced with highest
doping level would result in very weak plasmon resonances
and that contributed to the anomalous behaviour of refractive index. Although to get the clarity in this and elucidate
this point in depth, more future work is required. The n for
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Figure 7. (a) Refractive index n and (b) extinction coefficient k
are plotted against wavelength for all the samples.

ZY6 sample is *2.2 at 350 nm (bandgap of ZnO) and *2.9
at around 632 nm with the highest value in all. For pure
ZnO film, the value of n showed a peak at the bandgap and
then a very little decrease (2.48–2.41) from shorter to longer
wavelength. Similar trend was seen for the k values. The
result was in agreement with findings previously reported
for sol–gel-derived ZnO thin films [70]. The samples ZY3
and ZY4 showed normal dispersion, however, the value of
n was around 2.85 at the bandgap, while changed to 2.80
and 2.35 at 632 nm, respectively. Moreover, it is clear from
figure 7a that Y-doping can be employed to improve the
refractive index, although with addition of Y dopant, n first
increases and then decreases (samples ZY3 and ZY4). This
increase in n with Y doping is anticipated to the enhanced
polarizability that results from larger Y-atomic radius 2.27
Å in contrast to smaller Zn atomic radius 1.53 Å. Similar
trend in n has been observed when larger In atom was doped
in ZnO thin films [71]. It is to be mentioned that n values for
all thin films were comparable to the theoretical refractive
index of ZnO film (n = 2) observed in the visible region.
Figure 7b shows the spectral variations of k of all the
samples. The plots reveal that the peak observed in each
spectrum marks the existence of absorption edge k \ 400
nm and that the edge shifted towards smaller wavelengths
with increasing dopant. Moreover, the optical loss represented by k, in general, decreased with change in doping
level and in addition, was low indicated by relatively
smaller values. This decrease in k with doping has also been
observed in Al-doped ZnO films [72] and also the trend was
in accordance with Y-doped ZnO films already reported
[73].
The dispersion in n holds a key role when it comes to
applications in optical communication and optical devices,
such as modulators, switches, etc. Since n of the materials
in visible region is considered to be a consequence of electron oscillation excitation around the band edge in
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inter-band transitions, we have used the following equation
to find dispersion parameters [74].
n2  1 ¼

Eo Ed
Eo2  E2

ð6Þ

where Ed, called dispersion energy, quantifies the strength
of the inter-band optical transitions. Eo is the single oscillator energy or average excitation energy for electronic
transitions. We had plotted (n2-1)-1 vs. (E)2 for each
sample and then using slope (m) and intercept (c) from
pﬃﬃﬃﬃﬃﬃﬃﬃﬃ
straight-line fits we found these parameters Eo ¼ c=m and
pﬃﬃﬃﬃﬃﬃ
Ed ¼ 1= cm. These values are given in table 3. Eo values
decreased with the doping level. This change in Eo is result
of electronic transitions between valence band and conduction band with the addition of dopants.
The energy dependence of complex electronic dielectric
constant (e) describes the electron excitation spectrum of
the film. The real and imaginary components of the
dielectric constant were calculated using the equations (7
and 8) given below and plotted in figure 8a and b.
ReðeÞ ¼ n2  k2

ð7Þ

ImðeÞ ¼ 2nk

ð8Þ

It was observed that real part ReðeÞ exhibited higher
values than the imaginary part ImðeÞ. The energy dependence of these components had the similar trends as seen in
n and k, respectively. ImðeÞ showed a sharper decrease at
lower wavelength initially, then finally a tendency to remain
nearly flat across the longer wavelengths, where ImðeÞ
remained in the range of 0.2–0.4 consistent with previous
report [70]. Therefore, it can be concluded that a simple
low-cost and environmental friendly technique has established that Y-doped ZnO films can be easily produced with
properties comparable to those found from using other
techniques.

Figure 8.
constants.

(a) Real and (b) imaginary components of dielectric

4.

Conclusions

The structural and optical properties (optical constants and
optical bandgaps) of ZnO thin films deposited by the waterbased solution processing, using spin coating onto glass
substrates with different concentrations of Yttrium, as a
dopant have been investigated by Raman and optical characterization method. Raman spectroscopy results showed
that all the films exhibited wurtzite structure and crystallinity improved with addition of dopants. All films were
highly transparent [80% and bandgaps determined as 3.15,
3.26, 3.23 and 3.27 eV for ZnO, ZY3, ZY4 and ZY6
samples, respectively, show variation with added dopant.
The optical constants such as refractive index, extinction
coefficient and dielectric constants of the films have also
been in agreement with the previous reports.
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