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In  this  work,  the  spin  coating  sol–gel  technique  has  been  successfully  used  to  deposit  highly  uniform  and
good adhesion  of  nano  structure  thin  films  of  ZnO  doped  with  different  Ni concentrations.  The  morpho-
logical  properties  of ZnO:Ni  films  were  studied  by  atomic  force  microscopy  (AFM)  technique.  The  surface
morphology  of  the nanostructure  films  is found  to depend  on the  concentration  of  Ni.  The  effects  of  Ni
contents  on  the  structural  and  photoluminescence  (PL)  properties  of ZnO  films  were  investigated.  Optical
eywords:
i-doped ZnO
anostructure thin film
ptical constants
ol–gel

constants  (refractive  index,  n, and  absorption  index,  k)  of  the undoped  and  Ni-doped  ZnO  of  0.2%,  0.4%,
0.6%,  0.8%,  1%,  3%,  5%  and  7% concentrations  have  been  obtained  in the  wavelength  range  200–1000  nm
by  using  spectrophotometric  measurements.  The  dispersion  parameters  were  determined  and  discussed
based  on  the  single  oscillator  model.

© 2011 Elsevier B.V. All rights reserved.

pin coating

. Introduction

Nanostructured materials have received much attention
ecause of their novel properties, which differ from those of bulk
aterials [1–3]. Control of dimension and morphology of materials

as aroused the interest of researchers in the design of functional
evices due to the optical and electronic properties of nanometer-
nd micrometer-sized materials, which determine their applica-
ions adapted by varying their size and shape [4].

Zinc oxide (ZnO) which is a versatile semiconductor material,
as been attracting attention because of the commercial demand

or optoelectronic devices operating at blue and ultraviolet regions
5] and it is a wurtzite-type semiconductor with band gap energy of
.37 eV and very large excitation binding energy (60 meV) at room
emperature [6].  Recently, special attention has been devoted to
he morphology of ZnO having various nanostructures [7,8]. Ther-

al  stability, irradiation resistance and flexibility to form different
anostructures are the advantages that expedite its potential wide
pplications in photodetectors [9],  surface acoustic wave devices
10], ultraviolet nanolaser [11], varistors [12], solar cells [13], gas

ensors [14], biosensors [15], ceramics [16], field emission [17], and
anogenerator [18].

∗ Corresponding author. Tel.: +90 424 2370000x3621; fax: +90 424 2330062.
E-mail address: fyhanoglu@firat.edu.tr (F. Yakuphanoglu).

925-8388/$ – see front matter ©  2011 Elsevier B.V. All rights reserved.
oi:10.1016/j.jallcom.2011.05.009
At present, ZnO nanoparticles have received considerable atten-
tion due to their unique properties [19]. They are well known as
UV blocking materials, especially of light in the UV region, and as
such are used widely in cosmetics, paints and fibers, but their high
catalytic activity in oxidation and photochemical reactions restrict
their application as UV blocking materials. Particle surface mod-
ification is regarded as an effective way  to restrain the ultra-fine
particles high oxidative and photochemical catalytic activities [20].

It is well known that the addition of impurities into a wide gap
semiconductor, such as ZnO can often induce dramatic changes in
the optical, electrical, and magnetic properties [21–23].  Therefore,
a selective doping element into ZnO has become an important route
for enhancing and controlling its optical, electrical, and magnetic
performance, which are crucial for their practical applications [23].

It was reported that transition-metal (TM)-doped ZnO materi-
als would be a good candidate to achieve Curie temperature above
room temperature [24,25], and great efforts have been devoted to
the investigation of magnetic-metal/ZnO materials [26–29].  Ni is
an important dopant in the magnetic materials. Furthermore Ni2+

(0.69 Å) has the same valence compared to Zn2+ and its radius is
close to Zn2+ (0.74 Å), so it is possible for Ni2+ to replace Zn2+ in
ZnO lattice. Some researches on Ni doped ZnO have been reported
and several results showed that the luminescence properties of

ZnO were changed after doping of Ni [30–33].  By doping Ni into
ZnO, a composite material with magnetic and optical properties
could be obtained. Although several experimental studies have
been reported on the structural, morphological, electrical and opti-

dx.doi.org/10.1016/j.jallcom.2011.05.009
http://www.sciencedirect.com/science/journal/09258388
http://www.elsevier.com/locate/jallcom
mailto:fyhanoglu@firat.edu.tr
dx.doi.org/10.1016/j.jallcom.2011.05.009
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al properties of nickel-doped ZnO nanostructured films, there are
ew reports on the optical constants of them in the available lit-
rature. In this paper, we report the influence of Ni doping on
he structural, morphological, optical and electrical properties of
ol–gel derived ZnO film. In this paper, we successfully synthesized
i-doped ZnO nano-structure films have a fiber network with uni-

orm using a simple sol–gel spin coating method with controlling Ni
ontents. This method may  be used for preparation of many new
evice materials in microscale electronics and photonics such as
ovel memory and optical device, and it will be applied in biologi-
al detecting and treatment. ZnO fiber network nanostructure with
arious microstructure parameters can be controlled by changing
he concentrations of the dopants. Moreover, the effect of Ni doping
oncentration on the optical characteristics of sol–gel derived ZnO
lm was considered.

. Experimental procedures

.1. Materials and preparation

The zinc acetate dehydrate [Zn(CH3CO2)2·2H2O; ZnAc] and nickel acetate
ehydrate [Ni(CH3CO2)2·2H2O; NiAc] were used for preparation of ZnO films.
-Methoxethanol and monoethanolamine (MEA) were used as the solvent and sta-
ilizer, respectively. The molar ratio of MEA  to ZnAc was maintained at 1.0 and
he  concentration of ZnAc and NiAc was 1 M.  ZnAc and NiAc solutions were mixed
ogether in Ni/Zn nominal molar proportions 0.2%, 0.4%, 0.6%, 0.8%, 1%, 3%, 5% and 7%.
he  solutions were stirred at room temperature for 2 h to yield a clear and homo-
eneous solution. The glass substrates were cleaned in methanol and acetone for
0  min  each by using an ultrasonic cleaner and then cleaned with deionized water
nd dried. The coating solution was dropped onto a glass substrate, which was
otated at 2000 rpm for 30 s by using a spin coater. After the deposition by spin
oating, the film was  preheated at 200 ◦C for 10 min  in a furnace to evaporate the
olvent and remove organic residuals. The procedures from coating to drying were
epeated ten times. The films were then inserted into a tube furnace and annealed
n  air at 400 ◦C for 1 h.

.2. Measurements

The surface morphology of the prepared films was  observed by atomic force
icroscopy, AFM (type Park System XE-100E). The photoluminescence (PL) spectra

f  the prepared films were recorded by a fluorescence spectrophotometer (LS 45)
ith an excitation wavelength of 325 nm.  The measurements of the transmittance

(�) and reflectance R(�) were carried out using a double beam spectrophotometer
odel Shimadzu UV 2450 spectrophotometer with an integrating sphere in the
avelength range 200–1000 nm with step of 0.5 nm.  All the measurements were

arried out at room temperature.

.3. Method of optical constants calculations

In order to calculate the optical constants, the spectrophotometric measure-
ents of transmittance and reflectance were used. ZnO and nickel-doped ZnO thin

lms were deposited onto glass transparent substrates.
The absorption coefficient  ̨ is defined by the following relation [34]:

 = 1
d

ln

(
(1 − R2)

2T
+
√

(1 − R)4

4T2
+ R2

)
(1)

here R(�) is the reflectance and the relation between n and the absorption index
 is given by the Fresnel formula as [35]:

 = (n − 1)2 + k2

(n + 1)2 + k2
(2)

here k = ˛�/4�.  If one solves Eq. (2) via elementary algebraic manipulation, refrac-
ive  index is obtained as:

 =
(

1 + R

1 − R

)
+
√

4R

(1 − R)2
− k2 (3)
hen the film thickness is known, then the computation can be carried out and the
ptical constants can be calculated. The optical constants n and k were estimated by
aking the consideration of the experimental errors in measuring the film thickness
s  ±2%, and T(�) and R(�) as ±1%.
ompounds 509 (2011) 7900– 7908 7901

3. Results and discussion

3.1. Surface morphological characterizations of the ZnO films

The surface morphology of the films was  studied by using AFM.
Fig. 1 shows AFM images of the ZnO and Ni-doped ZnO (0.2%, 0.4%,
0.6%, 0.8%, 1%, 3%, 5% and 7%). It is seen that the surface mor-
phologies of the films are almost homogeneous. The connective
and partially cylindrical structures may  originate from the forma-
tion of sintering necks between former possible spherical particles.
Furthermore, the AFM images indicate that all the films have a wrin-
kle network with uniform size distributions. The necks widths were
influenced by the Ni content of 0.2%, 0.4%, 0.6%, 0.8%, 1%, 3%, 5% and
7% as shown in Fig. 1. The density of fiber network was found to
decrease in the ZnO:7% Ni doped samples. The general observation
for the AFM images is that the effect of Ni–doping concentrations
has an important effect on the surface morphology of the film.

3.2. Photoluminescence characterization of the ZnO films

Features of the emission spectrum can be used to identify sur-
face, interface, and impurity levels and to gauge alloy disorder and
interface roughness. The intensity of the photoluminescence, PL
signal provides information on the quality of surfaces and inter-
faces. Fig. 2 shows PL spectra of the ZnO and Ni-doped ZnO (0.2%,
0.4%, 0.6%, 0.8%, 1%, 3%, 5% and 7%) films. The origin of the emis-
sion band around 400 nm (3.10 eV) for all samples may  be caused
by the electron transition from the energy level of interstitial Zn to
valance band [36–38].  This peak is highly intense in the spectrum
of the undoped ZnO and ZnO with 0.2% and 0.8% Ni as compared to
other samples. The observation of 400 nm peak in all samples likely
indicates the existence of Zn interstitials in these sol–gel prepared
ZnO nanostructures [39]. The low intensity of 400 nm peak in the
7% Ni-doped ZnO sample suggests that a low amount of interstitial
Zn might be present in the nanostructures. The change in the Ni
concentration of 0.4%, 0.6%, 1%, 3% and 5% has not a regular inten-
sity which may  be attributed to the change in the effect of both Zn
interstitial and oxygen vacancies in the samples. This phenomenon
gives an evidence for the suggestion of the role for the introduc-
tion of Ni to passivity or activates the Zn interstitials or the oxygen
vacancies. The emission band around 530 nm (2.34 eV) for all sam-
ples has been frequently observed and may  be attributed to the
oxygen vacancies in ZnO [39].

3.3. Optical constant characterization of the ZnO films

The spectral distribution of T(�) and R(�) for the undoped ZnO
and Ni-doped ZnO measured at the normal incidence in the wave-
length range 200–1000 nm is shown in Figs. 3 and 4. It is clear from
Fig. 3 that the all samples exhibit a high transmittance around >85%
at � > 500 nm.  A sharp decrease in the transmittance is observed at
about 370 nm attributed to the band edge absorption. This strong
absorption means that the incoming photons have the sufficient
energy to excite electrons from the valence band to the conduction
band. Also, no remarkable dependence of the measured trans-
mittance on the doping concentration of Ni in the studied range
especially near the band edge was observed. The spectral behav-
ior of the reflectance R(�) in Fig. 4 shows a dependence of the Ni
doping. All the samples show a reflectance peak at about 400 nm
accompanied with a sharp decrease in the reflectance in the spectral
range 400–950 nm.  After which in the spectral range 950–1150 nm,
an increase in the reflectance comes again. In the spectral range

of 850–1000 nm,  the reflectance in all samples is almost slowly
decreased.

To estimate the absorption band edge of the films, the first
derivative of the optical transmittance can be computed. The curves
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Fig. 1. AFM images of ZnO and ZnO 
f both dT = d� and dR = d� vs. wavelength were plotted, as shown
n Fig. 5. As seen in these figures, the maximum peak position
orresponds to the absorption band edge and it shifts to longer
avelengths. The maximum peak values are observed in the above

Fig. 2. Photoluminescence spectra of undoped ZnO and Ni-doped ZnO.
 with Ni of different concentrations.
two  figures for the ZnO and Ni-doped ZnO films. This gives an evi-
dence for the presence of the optical band gap which lies in the
range 3.30–3.33 eV. Moreover, there is no remarkable effect was
observed for the Ni dopant concentrations in the studied range on

Fig. 3. Transmittance spectra of undoped ZnO and Ni-doped ZnO.
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Table 1
The values of energy gap for undoped and Ni-doped ZnO films.

Function

dT/d� dR/d� d(˛h�)/dh� (˛h�)2

Eg (eV) Eg (eV) Eg (eV) Eg (eV)

Ni content%
0 3.28 3.39 3.34 3.31
0.2 3.30 3.38 3.34 3.33
0.4 3.34 3.37 3.33 3.33
0.6 3.32 3.36 3.35 3.29
0.8 3.35 3.39 3.33 3.33
1 3.34 3.40 3.32 3.33
3 3.35 3.39 3.33 3.30
Fig. 4. Reflectance spectra of undoped ZnO and Ni-doped ZnO.

he optical band gap estimated from dT/d� vs. �. In addition, there
s an effect of the Ni dopant concentrations but not regular in the
tudied range on the optical band gap estimated from dR/d� vs. �
uggesting that the optical band gap shifts from 3.30 to 3.39 eV. The
stimated energy gap from dT/d� and dR/d� ZnO and Ni-doped ZnO
lms is given in Table 1. It is well known that optical transitions can
ake place as direct or indirect transitions between the valence and
onduction bands. Thus, we have evaluated that the exact value of
he optical band gap with allowed direct transitions for the films as
hown in the following subsection.

The refractive and absorption indices n and k of nanostructure
nO and Ni-doped ZnO films were determined from the measured
ransmittance and reflectance at normal light incidence. The spec-
ral dependences of both n(�) and k(�) are plotted in Fig. 6.

The absorption index k values for the films are very small at

onger wavelengths, showing that the prepared films are highly
ransparent. The dispersion plays an important role in the research
or optical materials due to a significant factor in optical commu-
ication and in designing devices for spectral dispersion [40]. The

ig. 5. (a) Plot of the first derivative of the transmittance, dT/d� vs. � of undoped ZnO
eflectance, dR/d� of undoped ZnO and Ni-doped ZnO.
5 3.34 3.29 3.34 3.33
7  3.39 3.45 3.33 3.30

evaluation of the refractive index of optical materials is consid-
erably important for the applications in integrated optics devices,
such as switches, filters and modulation, etc., in which the refractive
index is a key parameter for the device design [41].

The refractive index n of ZnO and Ni-doped ZnO thin film shows
an anomalous dispersion in the spectral range 340 <�> 400 nm and
800 <�> 855 nm.  Moreover, the films show a normal dispersion in
the spectral range 400 <�>800 nm.  The anomalous behavior is due
to the resonance effect between the incident electromagnetic radi-
ation and the electrons polarization, which leads to the coupling of
electrons in ZnO films to the oscillating electric field. Moreover, the
peak in the refractive index spectra corresponds to the fundamen-
tal energy gap of the ZnO film. This peak, nmax is slightly shifted
towards long wavelength with increasing Ni%. The variation of the
maximum refractive index for the undoped ZnO and Ni-doped ZnO
films is shown in Fig. 7.

3.4. Optical absorption characterization of the ZnO films

In many semiconducting materials, it is usual to analyze the
optical absorption at the fundamental edge in terms of band-to-
band transitions theory [42,43]. In this treatment, the absorption
 and Ni-doped ZnO. (b) Plot of spectral dependence of the first derivative of the

data follow a power-law behavior of Tauc [44,45] given by

 ̨ =
(

A

h�

)
(h� = Eg)m (4)
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Fig. 8. Plot of photon energy dependence of d(˛h�)/dh� of undoped ZnO and Ni-
doped ZnO.
ig. 6. (a) Plot of spectral dependence of refractive index of undoped ZnO and N
i-doped ZnO.

here A is an energy-independent constant and Eg is the optical
and gap. This equation can be rewritten as:

d[ln(˛h�)]
d(h�)

= m

h� − Eg
(5)

he type of the optical transition can be obtained to find the value
f m. The d[ln](˛h�)/d(h�) vs. h� was plotted, as shown in Fig. 8. The
eak at a particular energy value gives approximately the optical
and gap Eg. The peak in Fig. 8 was found to be at h� = Eg ≈ 3.3 eV
s tabulated in Table 1 for ZnO and Ni-doped ZnO films. The val-
es of ln(˛h�) vs. ln(h� − Eg) were plotted using the value of Eg to
etermine the m parameter and it was determined to be 1/2 from
he slope of Fig. 9. In order to determine a more precise value of the
ptical band gap, we plotted (˛h�)2 as a function of photon energy.
his plot gives a straight line, as shown in Fig. 10.  The optical band
ap was determined by extrapolating the linear portion of the plot
o (˛h�)2 = 0. This suggests that the fundamental absorption edge
f the film is formed by the indirect allowed transitions. The calcu-

ated value of the optical band gap for the ZnO and Ni-doped ZnO
lms was determined and is given in Table 1.

Fig. 7. Plot of nmax and ε∞ vs. Ni dopant concentration %.
Fig. 9. Plot of ln(˛h�) vs. ln(h� − Eg) of undoped ZnO and Ni-doped ZnO.
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Fig. 11. Plot of (n2 − 1)−1 vs. (h�)2 of undoped ZnO and Ni-doped ZnO.

that have ionic structure. Taking Nc = 4, Za = 2, Ne = 8 for ZnO [25,26],

T
D

ig. 10. Plot of photon energy dependence of (˛h�)2 of undoped ZnO and Ni-doped
nO.

.5. Refractive index dispersion behavior of the ZnO films

The dispersion plays an important role in the research for optical
aterials, because it is a significant factor in optical communication

nd in designing optical devices. The dispersion theory suggests
hat at the region of low absorption, the refractive index, n, is
xpressed by the single oscillator model [46,47]:

2 = 1 + EdE0

E2
0 − E2

(6)

here E is the photon energy, E0 is the oscillator energy and Ed
s the dispersion energy. The parameter Ed, which measures the
ntensity of the inter-band optical transition, does not depend sig-
ificantly on the band gap. A plot of (n2 − 1)−1 vs. E2 of the ZnO and
i-doped ZnO films is shown in Fig. 11.  It is clear that the refrac-

ive index decreases towards the longer wavelengths due to the
nfluence of lattice absorption. The extrapolating of the linear part
owards longer wavelengths which is the point of interception with
he ordinate at (h�)2 = 0 yields the value of the dielectric constant
t higher wavelength (ε∞). The obtained values of ε∞ for ZnO and
i-doped ZnO films were given in Table 2.

The values of Ed and E0 were obtained from the slope (EdE0)−1

nd the intersection (E0/Ed) obtained from extrapolation of the line
o zero photo energy of Fig. 11.  Fig. 12 shows the variation of E0 and
d with Ni dopant for ZnO and Ni-doped ZnO films. As observed, the
alues of E0 and Ed have no regular change from undoped ZnO to
.8% Ni doped film, after which there is a sharp increase for the

alues of E0 and Ed by increasing the Ni% up to 5%, after which
he values are decreased. This behavior is similar to the optical
arameters with Ni doping concentration for ZnO.

able 2
ispersion parameters of undoped and Ni-doped ZnO films.

nmax ε∞  ̌

Ni content%
0 1.81 2.99 0.134 

0.2  1.78 2.96 0.120 

0.4  1.80 3.03 0.147 

0.6  1.80 2.97 0.132 

0.8  1.77 3.03 0.204 

1  1.76 3.06 0.133 

3 1.78  3.00 0.127 

5 1.77  3.05 0.131 

7  1.76 3.05 0.209 
Fig. 12. Plot of Ed and E0 vs. Ni dopant concentration %.

The dispersion energy Ed, obeys the following empirical rela-
tionship [46,47]:

Ed = ˇNcZaNe (7)

where Nc is the coordination number of the cation nearest-neighbor
to the anion, Za is the formal chemical valency of the anion, ˇ
is the effective number of valence electrons per anion and  ̌ is a
constant (0.37 ± 0.04) for covalently bonded crystalline and amor-
phous chalcogenides and 0.26 ± 0.04 eV for halides and most oxides
the  ̌ value values for ZnO and Ni-doped ZnO films were deter-
mined and are given in Table 2. As observed, the obtained values of

 ̌ are less than the published for ZnO [46,47]. The ionic property is

εL N/m* (g−1 cm−3) f (eV)2

3.15 3.76 × 1046 23.19
3.16 4.65 × 1046 30.22
3.18 3.48 × 1046 43.33
3.14 3.81 × 1046 36.08
3.10 1.52 × 1046 83.90
3.08 2.33 × 1045 34.25
3.18 7.76 × 1046 33.21
3.23 4.40 × 1046 34.44
3.11 1.30 × 1046 100.59
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ost obvious for the Ni-doped ZnO films with concentration of Ni
f about 0.8% and 7%, where  ̌ = 0.204 and 0.209, respectively.

There is an important parameter called the oscillator strength
f) as reported in [48] such that:

 = E0Ed (8)

he oscillator strength for undoped ZnO and Ni-doped ZnO films
as determined and is given in Table 2. As observed, the highest

scillator strength is for the 5% Ni-doped ZnO films.
The obtained data of the refractive index n can be analyzed to

btain the high-frequency dielectric constant via a procedure that
escribes the contribution of the free carriers and the lattice vibra-
ion modes of the dispersion [49]. The relation between the optical
ielectric constant, ε, the wavelength, �, and the refractive index is
iven by the following equation:

1 = n2 = εL − D�2 (9)

here ε1 is the real part of the dielectric constant, εL is the dielectric
onstant or (the high-frequency dielectric constant) and D is a con-
tant depending on the ratio of carrier concentration to the effective
ass; D = e2N/4�2ε0m*c2, where e is the charge of the electron, N is

he free charge carrier concentration, ε0 is the permittivity of free
pace, m* is the effective mass of the electron and c is the velocity
f light. Fig. 13 shows the relation between n2 and �2 for the ZnO
lms. It is observed that the dependence of ε1 on �2 is linear at

onger wavelengths. It can be shown that the refractive index has
n anomalous dispersion in the region of the high frequency. As the
efractive index increases, there is also an increased of the absorp-
ion of electromagnetic radiation associated with an increase of the
requency. Furthermore, the refractive index becomes considerable
igh, when the frequency of the radiation crosses with the charac-
eristic frequency of the electron. Hence, there is no propagation
f electromagnetic radiation through the ZnO films. As shown in

ig. 13,  the dependence of n2 is linear at the longer wavelengths. The
alue of the lattice high frequency dielectric constant εL is deter-
ined from the intersection of the straight line with �2 = 0. Table 2

ists the values of εL and the ratio N/m* for ZnO and Ni-doped ZnO
lms. The obtained values are in the order of 1046 cm−3 g−1. It is
lear from the obtained results that ε∞ < εL, which can be attributed
o the contribution of the free charge carrier.

ig. 14. (a) Plot of photon energy dependence of real dielectric constant of undoped ZnO
onstant of undoped ZnO and Ni-doped ZnO.
Fig. 13. Plot of n2 vs. �2 of undoped ZnO and Ni-doped ZnO.

3.6. Dielectric characterization of the ZnO films

The complex refractive index
︷︸︸︷

n = n + ik and the dielectric

function
︷︸︸︷

ε = ε1 + iε2 characterize the optical properties of any
solid material. The real and imaginary parts of the complex dielec-
tric constants are expressed as [50]:

ε1(ω) = n2(ω) − k2(ω), (10)

ε2(ω) = 2n(ω)k(ω) (11)

where ε1 and ε2 are the real and imaginary parts of the dielectric
constant, respectively. The dependences of ε1 and ε2 on the photon
energy are shown in Fig. 14 for the undoped ZnO and Ni-doped ZnO
films. The real and imaginary parts follow different patterns and the
values of the real part are higher than the imaginary part. The vari-

ation of the dielectric constant with photon energy indicates that
some interactions between photons and electrons in the films are
produced in this energy range. These interactions are observed in
the shapes of the real and imaginary parts of the dielectric constant

 and Ni-doped ZnO. (b) Plot of photon energy dependence of imaginary dielectric
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ig. 15. Plot of ε1 and ε2 vs. Ni dopant of undoped ZnO and Ni-doped ZnO film.

nd they cause formation of peaks in the dielectric spectra which
epends on the material type.

Savvides [51] stated that assuming the conduction band states
ere constant; the increase in density of states would result in

edistribution of valence band states. This, in turn, will cause the
tates from the top of the valence band to be pushed deep into the
alence band with their contribution appearing at higher energies
f ε2(ω). Fig. 15 shows the variation of ε1 and ε2 for ZnO and Ni-
oped ZnO films. As observed, the values of ε1 and ε2 have the same
hange for undoped ZnO to 1% Ni doped film after which there is
n increase for the values of ε1 by increasing the Ni% up to 5% after
hich the values are decreased in contradiction with ε2.

The dissipation factor tan ı is defined as the ratio of the power
oss in a dielectric material to the total power transmitted through
he dielectric, the imperfection of the dielectric. Most dielectrics
ave a low dissipation factor, a desirable property because it mini-
izes the waste of electrical energy as heat. The dissipation factor

an ı can be calculated according to the following equation:

an ı = ε2

ε1
(12)
he variation of tan ı with h� for undoped ZnO and Ni-doped ZnO
lms is shown in Fig. 16.  It is found that the dissipation factor has a

ittle change in the energy region and increases with increasing the
hoton energy when the photon energy is less than 3.4 eV. With an

ig. 16. Plot of photon energy dependence of tan ı of undoped ZnO and Ni-doped
nO.
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increase in the photon energy, a rapid increase in the dissipation
factor in the photon energy range 3.4–4.4 eV is observed. On the
other hand, the rapid decrease of the dissipation factor is observed
when the photon energy increases larger than 4.5 eV for all samples.

4. Conclusions

Thin films of undoped ZnO and Ni-doped ZnO (0.2%, 0.4%, 0.6%,
0.8%, 1%, 3%, 5% and 7%) films were prepared by sol–gel spin coating
process. The doping concentration of 5% Ni  doped ZnO is proved to
be optimum for Ni-doped zinc oxide thin films. According to AFM,
all the films have a fiber network structure. The optical constants
of the undoped and Ni doped ZnO films were characterized using
spectrophotometric measurements. The refractive index of the as-
deposited film is affected with Ni doping concentration. The Ni-
doping affects the values of the calculated dispersion parameters
such as oscillator energy, dispersion energy, and oscillator strength.
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