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Abstract Different compositions of Co-doped zinc oxide
[(Zng —Co,0) (x = 0, 0.02, 0.04, 0.06, 0.08 and 0.10)]
thin films were evaporated onto highly clean glass sub-
strates by thermal evaporation technique using a modified
source. The structural properties investigated by X-ray
diffraction revealed hexagonal wurtzite ZnO-type struc-
ture. The crystallite size of the films was found to decrease
with increasing Co content. The optical characterization of
the films has been carried out using spectral transmittance
and reflectance obtained in the wavelength range from 300
to 2500 nm. The refractive index has been found to
increase with increasing Co content. It was further found
that optical energy gap decreases from 3.28 to 3.03 eV
with increasing Co content from x =0 to x = 0.10,
respectively. The dispersion of refractive index has been
analyzed in terms of Wemple-DiDomenico (WDD) single-
oscillator model. The oscillator parameters, the single-
oscillator energy (E,), the dispersion energy (Eq4), and the
static refractive index (ng), were determined. The nonlinear
refractive index of the Zn(;_,)Co,O thin films was calcu-
lated and revealed well correlation with the linear
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refractive index and WDD parameters which in turn
depend on the density and molar volume of the system.

1 Introduction

Zinc oxide (ZnO) has a wide-band-gap (3.37 eV) wurtzite
phase semiconductor. In order to obtain different properties
and applications for ZnO, researchers carried out doping in
ZnO. Doping of ZnO by impurity atoms achieved their
widespread technological applications in microelectronics
and optoelectronics [1], and nanocrystals doped with
magnetic impurities are of interest for their potential use in
spin-based electronic devices [2]. On this account, diluted
magnetic semiconductors (DMSs) have caused extensive
scientific concerns because of their potential applications in
spintronics and optoelectronics [3-7]. TM-doped ZnO has
been theoretically proved to be one of the most promising
materials for room temperature ferromagnetism [8—14]. In
recent past, cobalt (Co) and other transition metal (TM)-
doped ZnO nanomaterials have a focus for many
researchers [15, 16]. However, among numerous reports on
Zn;_,Co,0 thin films, very few have been published on
morphology design of thin films, which is of special
interest as building blocks for the applications of DMSs,
such as spintronic, electro-optical devices, and microwave
absorbing materials [17]. The visible photo-response of
Co-doped ZnO has been observed by many researchers
using single crystals [18] or polycrystalline of Co**:ZnO
prepared by pellet sintering [19]. Zhang and coworkers
[20] reported a template-free solvothermal method for the
formation of TM-doped ZnO spheres and hollow spheres.
They found that the Co-doped ZnO hollow exhibited fer-
romagnetism at room temperature, whereas nickel-doped
ZnO hollow spheres exhibited only weak ferromagnetism

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00339-015-9551-z&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s00339-015-9551-z&amp;domain=pdf

20 Page 2 of 10

E. R. Shaaban et al.

at 300 K. Bhattacharyya and Gedanken [21] found that the
size of ZnO nanocrystals varied with the variation in cobalt
concentration. In the present study, Co-doped ZnO
(Zn;_,Co,0, x = 0, 0.02, 0.04, 0.06, 0.08, and 0.10) are
fabricated using chemical co-precipitation method. Thin
films of Zn;_,Co, O with various Co concentrations are
deposited by thermal evaporation using a modified source.
The effect of doping concentration on structural, linear, and
non-linear optical properties of Zn;_,Co,O thin films is
investigated.

2 Experimental

The bulk samples of Zn,_,Co,O (x = 0, 0.02, 0.04, 0.06,
0.08, and 0.1) are prepared by using co-precipitation
technique of Zn(NOs),-6H,O with appropriate amount of
Co(NOs),-6H,O to make desired doping percentage dis-
solved in 50 ml of distilled water. Zinc and cobalt nitrates
are dissolved in deionized water to get a solution and then
kept stirring for 1 h. Then, NH4OH solution is added drop
wise until the pH of the solution has reached 9. This
mixture is stirred for 3 h at room temperature and, conse-
quently, filtered. The precipitate is dried at 80 °C for 5 h.
The thermal behavior of the precursor is analyzed by
thermogravimetric analysis (TGA) (Shimadzu 50 with an
accuracy of =+0.1 K). Finally, the dried samples are
grounded and kept for calcination at 480 °C for 2 h, in
order to obtain polycrystalline powder. Thin films of
Zn;_,Co,0 with various Co concentrations (x = 0, 0.02,
0.04, 0.06, 0.08, and 0.1) are deposited by thermal evap-
oration using a modified source. This modified source is a
resistive-heated quartz crucible containing Zn;_,Co,O
powders and wrapped in a tantalum sheet. This arrange-
ment was found to facilitate the loading of Zn;_,Co,O
powder and increase the lifetime of the heater. A small wad
of quartz fiber wool is placed in the neck of quartz crucible
to prevent spattering of powdered samples during out-
gassing and evaporation. This modified source has been
proven to produce the films with high quality. The glass
substrates are fixed onto substrate holder inside vacuum
chamber at a distance of about 20 cm above the evapora-
tion source of the conventional coating unit (Denton 306A)
with a vacuum of about 10~ Pa. The evaporation rate as
well as film thickness is controlled using a quartz crystal
FTM6 monitor. The deposition rate is maintained constant
at 10 A/s throughout the sample preparation. Such a low
deposition rate can produce a film with a composition
which is very close to that of the bulk starting material.
The structure of the prepared samples in the form of
powders and thin films is examined by X-ray diffraction
(XRD) analysis [Shimadzu X-ray diffractometry 6000
(Japan) with CuKo radiation having A = 0.15418 nm].
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The intensity data are collected by step scan modes of a 20
range between 10 and 70 with step size of 0.02° and step
time of 0.6 s. The pure silicon (& Si 99.9999 %) is used as
an internal standard. The composition of the synthesized
polycrystalline particles is quantified by energy-dispersive
analysis of X-ray (EDAX) using energy-dispersive X-ray
(EDX) spectrometer attached to scanning electron micro-
scopy (SEM; JEOL JSM-6360LA, Japan), operating with
an accelerating voltage of 30 kV. EDX technique is based
on the evaluation of the X-ray energies emitted by a sample
impacted by the fast-moving primary electrons in the SEM.
It allows one to identify and quantify the chemical com-
pounds within a depth of about 1 um [22], which depends
on the acceleration voltage of the primary electron beam
and on the chemical composition. Phase identification and
quantification depend on the accurate measurement of the
value and intensity of the different peaks of the X-ray
energy spectra. Quantitative determination is carried out by
comparing the integrated intensities of selected peaks (i.e.,
those who have the best number of counts, for a given time,
like the Ko ones in our case) with standard X-ray data for
reference materials [23]. These spectra can be measured at
different locations of the sample surface. More details
about elemental compositions using EDX were in the two
references [22, 23].

Transmission electron microscope (TEM) micrographs
are taken using a JEOL JEM 1230, Japan. Samples are
dispersed in methanol by sonication and placed on the
copper grid for TEM investigation. The optical transmit-
tance (7) and reflectance (R) of the deposited films are
measured using a UV-Vis-NIR JASCO V-670 double-
beam spectrophotometer. The transmittance spectra in the
wavelength range of 400-2500 nm are collected at normal
incidence without a substrate in the reference beam,
whereas the reflectance spectra are measured using a
reflection attachment close to normal incidence (~5°). In
our measurements of the R and T, the effect of slit cor-
rection is eliminated by the adjust of the spectrophotometer
slit width to be 6 mm, which is much less than the width of
the interference peaks observed in the transparent region of
the investigated samples.

3 Results and discussion
3.1 Structural properties

The TGA is performed to study the change in the phases
during crystallization. The simultaneous TGA graph and its
differentiation are shown in Fig. 3. The differentiation of
TGA curve is very important for identifying the peaks with
high precision. The first peak was observed at 87.2 °C,
which represents the mass loss due to evaporation of
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Fig. 1 Simultaneous TGA and its differentiation curves for Zng 4.
Co.060 precursor

ethanol. This behavior can be observed from both mass loss
graph and its differentiation. The second downward peak in
the heat flow graph and the further decrease in the mass is
observed at 166.1 and 194.2 °C in the weight curve, which
represent the decompositions of Zn(OH), and Co(OH),,
respectively. Both the materials liberate water molecules
under successive temperature. The 10 % mass loss is fur-
ther observed at approximately 480.1 °C due to crystal-
lization of the ZnO (Fig. 1).

The purity and crystallinity of the as-synthesized ZnO
polycrystalline are examined by using XRD of the powder,
as shown in the upper curve in Fig. 2. The lower curve in
Fig. 2 represents a simulate scan from the pattern accord-
ing to Ref. Code 01-1136 cards using X’Pert HighSore
(version 1.0e) program.

Figure 3 shows XRD of the as-deposited Zn;_,Co,O
thin films with variation of Co concentration (x = 0, 0.02,
0.04, 0.06, 0.08, and 0.1). All of the diffraction peaks,
which correspond to the planes (1 00),(002),(101),(10
2), and (1 0 0), are perfectly indexed to the hexagonal
wurtzite ZnO structure (JCPDS 01-1136), revealing that
the doping of Co does not change the crystal structure of
the ZnO.

The absence of the individual metal (Co) or Co-related
impurity phase diffraction peaks in the XRD patterns
confirms the formation of the Zn;_,Co,O solid solution.
Furthermore, all the films exhibit preferential orientation
along (002) plane. Figure 3, also, shows that the intensity
of the ZnO peaks decreases with increasing Co concen-
tration. It is also observed in Fig. 3 a very small shift of the
position of the diffraction peak (002) toward lower values
of the diffraction angle (260). This small shift in the peak
position is due to higher ionic radii of Co®" ions
(0.078 nm) relative to the ionic radii of Zn®" ions
(0.074 nm). The lattice strain (¢) parameter is calculated
using the following relation [24, 25]:
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Fig. 2 (upper curve) XRD pattern of the ZnO powder and (lower
curve) a simulate scan from the pattern according to Ref. Code
01-1136 cards using X’Pert HighSore (version 1.0e) program
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Fig. 3 XRD patterns of Zn;_,Co,O thin films with different Co
compositions (x = 0, 0.02, 0.04, 0.06, 0.08, and 0.1)

B

8:4tan(0) M)

where 6 is the Bragg’s diffraction angle of the peak and f is
breadth of the peak, which describes the structural broad-
ening and is calculated through the formula:

ﬁ = ﬁibs - ﬁztd (2)

where f . is the integral peak profile width of the sample
and fiyq is the peak profile width of standard (silicon). In
addition, from XRD patterns, the crystallite size of the

@ Springer



20 Page 4 of 10

E. R. Shaaban et al.

films is calculated by using the well-known Debye—
Scherrer’s formula [24, 25]:

Y
" Bcos(0)

where 4 is the wavelength (1.54 A). Assuming that the
particle size and strain contributions to line broadening are
independent to each other and both have a Cauchy-like
profile, the observed line breadth is simply the sum of
Egs. (1) and (2). Then, we get the formula:

(3)

p(26) cos Hy = kD_X + 4e(sin 0p)

v

(4)

Equation (4) is customarily referred to as the “Wil-
liamson—Hall method” [26-28]. Figure 4 illustrates sin(6)
along the x-axis and fS(20) cos(fy) along the y-axis for
different compositions of the Zn;_,Co,O thin films. The
values of the crystallite size (D,) and the lattice strain (&)
can be estimated from the slope and the ordinate inter-
section, respectively. Table 1 shows the microstructure
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Fig. 4 Crystallite size/strain separation calculating using the breadth
according to “Williamson—Hall” method

parameters (D, and ¢) of the pure ZnO and Zn,_,Co,O
films deposited on glass substrates. It is clear that the
crystallite size decreases and the lattice strain increases
with increasing Co content in the Zn;_,Co,O films. Such
the increase in the lattice strain and the decrease in the
crystallite size reflect the increase in concentration of lat-
tice imperfections due to addition of Co to the ZnO.

Energy-dispersive X-ray analysis (EDAX) measurement
is taken in order to confirm the presence of Co*" in the
synthesized Zng94C00 0O polycrystalline particles and to
determine their compositions. EDAX spectra displayed in
Fig. 5 demonstrate the presence of various elements in the
prepared doped samples. The EDAX analysis provides
precise composition of the elements. The EDAX spectra in
Fig. 5 show peaks corresponding to elements of Zn, O, and
Co for Zng 94C0 00 sample. TEM studies have also been
checked for the thin film sample Zng 94Cog o6O. Figure 6a
shows the TEM image of Zng94C0g 06O thin film. TEM
images reveal that all nanostructure has the same hexago-
nal morphology, approximately. The histogram is given in
Fig. 6b. The mean particle size is found to be 58 nm, which
agrees with that obtained from XRD calculation using
Williamson—Hall method.

3.2 Optical properties
3.2.1 Determination of optical constants

The absolute values of the measured transmittance 7(A4) and
reflectance R(A) are given according to the following
equations [29, 30]:

where Iy and I, are the intensities of the light passing
through the film/glass substrate and the reference glass
substrate, respectively.

1
R = (i)RAl {1 +(1 —Rg)z} — T*R,
Ia

(5)

(6)

Table 1 Values of microstructure parameters, energy gap, dispersion parameters, nonlinear parameters, density, molar volume, and density of

polarizable constituents as a function of Co content of the Zn;_,Co,O

Zn,_.Co,0 D, ex 1077 EP  E, E, n(o) 3 x 10713 o, x 10713 Ve N x 10%
(nm) ev) (V) (eV) (g/em®) (g mol™")
0 65.36  3.93 328 9566 6534 157 0.117 0313 1.254 5.93 13.383 4.431
0.02 63.41 3.96 324 10446 6382 1.624 0.13 0489 1.893 5.955 13.313 4.473
0.04 60.73  3.99 3.19 11281 6332 1.668 0.142 0.687 2.587 5.98 13.243 4516
0.06 583  4.04 3.14 12069 6374 1701 0.151 0877 3.238 6.005 13.173 4559
0.08 56.44  4.08 3.10 13475 6.184 1.783 0.173 1.536 5.414 6.03 13.104 4.602
0.10 5472 4.11 3.03 15115 6.014 1.874 0.2 272 9.117 6.055 13.035 4.645
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Fig. 6 a Representative TEM micrograph of the Zng 94C00,060 thin
film and b histogram for Zn, 94C0¢ 06O thin film giving average size
of 58.3 nm
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Fig. 7 Variation of the absolute values of 7(4) and R(1) against
wavelength (1) for the Zn;_,Co,O thin films at different Co
compositions (x = 0, 0.02, 0.04, 0.06, 0.08, and 0.1)

where Iy, and I are the intensities of the light reflected from
sample and from reference mirror, respectively, while R, is
the reflectance of glass. The variation of the absolute values
of T(2) and R(4) versus wavelength (4) for the as-deposited
films of the Zn; _,Co,O thin films at different Co contents is
shown in Fig. 7. All the samples show a sharp fall in trans-
mittance at the fundamental absorption band edge. This
sharp edge corresponds to electron excitation from the
valance band to conduction band and interrelated to the
nature and value of the optical band gap. A remarkable shift
of the absorption edge toward higher wavelengths (redshift)
with increasing Co content is observed. According to the
fundamental Kramers—Kronig relations, the redshift in the
spectral distribution must necessarily give an increased
refractive index value (see later).

For determination of the optical constants; refractive
index (n) and extinction coefficient (k), a method com-
prised a search technique based on minimizing (AT)* and
(AR)? simultaneously has been used, where

(AR)* = |Reaic(n, k,d, 2) — Ry (7)
(AT)? = |Teaie(n, kyd, 7) — T (8)

Texp and R, are the experimentally determined values of the
T and R, respectively, while T, and R, are the calculated
values of the T'and R, using Murmann’s exact equation [31].
The adapted computation steps are as follows:

e The Texp, Rexp, d, and n are entered.
e The d is an important parameter in the accurate
determination of the optical constant. Therefore,
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Fig. 8 Refractive index (n) versus wavelength (1) of the Zn,_,Co,O
thin films at different Co compositions (x = 0, 0.02, 0.04, 0.06, 0.08,
and 0.1)

different methods have been used for determination of
the thickness of the deposited films. Such thickness has
been firstly estimated in situ by using a quartz crystal
thickness monitor pre-calibrated interferometrically by
using multiple beams Fizeau fringes at reflection [32].

e There are ranges of the n and k within which the
optimal solution is expected. The desired accuracy in
n and k is set up as increments in the n and k,
respectively.

e Using the Murmann’s equation [31], both T, and R,
are calculated throughout the whole ranges.

e In each step, the variances of (AT)2 and (AR)2 are
calculated and compared to seek their simultaneous
minimization. The corresponding values of n and
k represent the solution. During the iteration, in some
small regions of the spectrum, the solutions may be
missed. The missed part can be interpolated by using
the program origin version 7 (OriginLab Corp.).

The optical constants, n and k, of Zn;_,Co,0O thin films
with different compositions (x = 0, 0.02, 0.04, 0.06, 0.08,
and 0.10) are shown in Figs. 8 and 9, respectively.

It can be seen that both of optical constants, n and k,
increase with increasing Co concentration in the strong
absorption region. The observed increase in n with
increasing Co content may be attributed to the increase in
polarizability. The atomic radii of Zn and Co are 1.53 and
1.67 A, respectively [21]. The larger atomic radius of the
atom, the larger will be its polarizability. Therefore, such
dependence of the n on Co content of the investigated films
can be explained on the basis of Lorentz—Lorenz equation
in which a direct proportion between polarizability and » is
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Fig. 9 Extinction coefficient (k) versus wavelength (1) of the
Zn;_,Co,O thin films at different Co compositions (x = 0, 0.02,
0.04, 0.06, 0.08, and 0.1)

established [33]. Thus, substituting more polarized Co
atoms by less polarized Zn may lead to an increase in n.

3.2.2 Determination of dispersion parameters

The spectral dependence data of the refractive index dis-
persion of the Zn;_,Co,0O thin films (as deposited) with
different Co contents (x = 0, 0.02, 0.04, 0.06, 0.08, and
0.10) can be evaluated according to the single-effective-
oscillator model proposed by Wemple-DiDomenico
(WDD) [34]. The model suggests that the n of the films can
be correlated with oscillator energy (E,) and dispersion
energy (E4) by the following formula:

E.Eq4

2
=14 —d
2 — ()

©)
where hv is the photon energy, while E, and E4 are single-
oscillator constants.

Figure 10 shows optical dispersion behavior (n* — 1)
versus (hv)?, for the investigated thin films. The oscillator
parameters E, and E, are determined by fitting a straight line to
the points. The slope of the linear relation represents (E,Eq) ",
while the intercept with the vertical axis equals to (E,/Ey).

The obtained values of the dispersion parameter (E,)
and (Ey) of the (as-deposited) Zn,_,Co,O films are listed in
Table 1. Furthermore, the E, (or the effective oscillator
energy) can be directly correlated with the optical energy
gap (Eg™) by an empirical formula: E, =2 x Eg", as
stated by Tanaka [35]. The dispersion energy (or oscillator
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strength) follows a simple empirical relation:
Eq = pN.Z,N,, where B is a constant having two values of
either 0.26 = 0.03 eV  for ionic materials or
0.37 &£ 0.04 eV for covalent materials [36], N, is the
coordination number of the cation nearest neighbor to the
anion (=4 for Zn;_,Co,0), Z, is the formal chemical
valence of the anion, and N, is the total number of valence
electrons (core electrons are excluded) per anion which is
calculated from the above empirical formula (see Table 1).
It is found that the N, is identical (N, = 8) with increasing
Co content. It is obviously found that the E, decreases,
while the E,4 increases with increasing Co content. The
decrease in the oscillator energy with composition may be
attributed to the observed shift of optical transmission
spectra in the short wavelength region, where the absorp-
tion edge is shifted toward lower energies.

Further analysis of the (n2 — 1)71 against (hv)2 allows
to determine the static refractive index using the following
relation:

ny = (14 Eq/E)'? (10)

By extrapolating the WDD dispersion relation to the value
of the incident Av approaching zero. The calculated values
of the static refractive index (n,) for all the investigated
films are listed in Table 1. It is observed that the n,
increases with increasing Co content. Similar behavior of
the variation of np with Mn concentration in Zn;_,Mn,S
system has been reported [37].

3.2.3 Nonlinear refractive index

When high-intensity light propagates through the med-
ium, it causes nonlinear effects. The nonlinear refractive

index (n,) is highly dependent on the incident intensity.
When matter is exposed to intense electric field of the
incident light, the polarization is no longer proportional to
electric field, and the change in polarizability has to be
extended by the terms which are proportional to square of
electric field [38]. The n, is calculated in terms of Tichy
and Ticha relation [39] and Fourier and Snitzer relation
[40].

3.2.3.1 Tichy and Ticha relation Tichy and Ticha rela-
tion is a combination of Miller’s generalized rule and n,
obtained from WDD model [39] in the form:

1273

no

(11)

No2 =

where ® is the third-order nonlinear susceptibility, which
is obtained from the relation [41]:
1 =AM (12)

where " is the linear susceptibility, which is given as:

E
n _ = 13
L 4nE, (13)
where A = 1.7 x 107! (for ¥® in esu). Then, ¥ is
given as:

oA (n2—1)* (14)

2 Gyt

The values of n,, x(l), and X(3) are given in Table 1. From
this table, it is found that the values of n,, and x(3) increase
with increasing Co content.

3.2.3.2 Fournier and Snitzer relation Fournier and Snit-
zer [40] had proposed a formulation to determine 7, on the
basis of n and WDD parameters (E,, E4) using the fol-
lowing relation:

(n* + 2)2(n2 —1)Eq4

— 1
48nnN E2? (15)

ny =
where N is the density of polarized constituents (calculated
by making use of density/molar volume data). The n, is
calculated in esu (for unit conversions, see Refs. [42, 43]).
The density of the system is calculated theoretically by
using the following relation:

_ *Pzn + YPco + 2P0
100

(16)

From the density data, we have calculated the molar vol-
ume given by the formula:

1
Vin :;ZX,»M,» (17)
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Fig. 11 Variation of nonlinear refractive index (n,) with wavelength
(A) for the Zn;_,Co,O thin films

where the M; is the molecular weight of the ith component
and the X; is the atomic percentage of the same element in
the sample. The density, the molar volume, and the density
of polarized constituents are listed in Table 1. The varia-
tion of nonlinear refractive index (n,) with wavelength is
given in Fig. 11. It is clear from Fig. 10 that the n,
increases linearly with increasing n, and the n, follows the
same trend of n with wavelength, as shown in Fig. 8.

3.2.4 Absorption coefficient and optical energy band gap

The absorption coefficient c(hv) of Zn,_,Co,0 thin films
with different Co concentrations (x = 0, 0.02, 0.04, 0.06,
0.08, and 0.1) can be calculated from the values of k and A
using the known formula: k = a4/4n. Figure 12 shows the
variation of a(hv) as a function of Av. It is known that in the
vicinity of the fundamental absorption edge, for allowed
direct band-to-band transitions, the a(hv) is described by:

K| hv — E° "
( hv g ) ®)

where K is a characteristic parameter (independent of
photon energy) for respective transitions and m is a number
that characterizes the transition process. Many authors [44—
47] have suggested different values of m for different
glasses: m = 2 for most amorphous semiconductors (indi-
rect transition) and m = 1/2 for most crystalline semicon-
ductor (direct transition). In few reports, the band gaps of
unexposed and exposed samples are classified as a direct
transition [48, 49] according to the polycrystalline nature of
the XRD samples, as shown in Fig. 3. Therefore, the

a(hv) =
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Fig. 12 Variation of the absorption coefficient a(4) versus photon
energy (hv) for Zn;_,Co,O thin films
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Fig. 13 Plot of (¢hv)? versus photon energy (hv) for as-deposited
Zn;_,Co,O thin films with different Co concentrations (x = 0, 0.02,
0.04, 0.06, 0.08, and 0.1)

allowed direct optical band gaps of unexposed and exposed
films are evaluated from (othv)® against hv plot. Figure 13
shows (ochv)2 versus hv plot for different compositions of
the Zn;_,Co,0 thin films. The (ohv)* versus hy plot of the
thin films exhibits a straight line, and the intercept of the
energy axis at (¢hv)> = 0 gives the direct EgP‘. The vari-
ation of direct Egpt as a function of Co content is listed in
Table 1. The values of direct E‘épt are found to decrease
with increasing Co content. The decrease in Egp‘ for direct
transition may be attributed to the decrease in the
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crystallite size, because the crystal defects can be formed
which produce localized states that change the effective
Fermi level due to an increase in carrier concentration [50—
52].

4 Conclusions

Bulk samples of the Zn;_,Co,O0 (x = 0, 0.02, 0.04, 0.06,
0.08, and 0.1) were prepared by a homogeneous precipi-
tation method. TGA was used to identify the calcination
temperature for obtaining high-purity Zn;_,Co,O powder
samples. Thin films with the same thickness of different
compositions of Zn;_,Co,0 were deposited by thermal
evaporation technique in terms of a modified source. The
effect of Co content on structural and optical properties of
Zn;_,Co,0 thin films was studied. It is observed that the
crystallite size varies from 65.36 to 54.72 nm with the
increase in Co content in the Zn;_,Co,O thin films. But the
lattice strain increases with increasing Co content. The
increasing in lattice strain was attributed to the increase in
lattice defects among the grain boundary. The estimated
crystallite size using TEM was in a good agreement with
that obtained form XRD peaks. The optical properties of
the Zn;_,Co,O thin films were studied from their reflec-
tance and transmittance in the spectral region in terms of
Murmann’s equation. The refractive index and extinction
coefficient have been found to increase with increasing Co
content. The increase in the refractive index with Co
content has been explained in terms of polarizability. The
dispersion of the refractive index was investigated using
the WDD single-oscillator model. The oscillator parame-
ters were calculated. The nonlinear refractive index of the
Zn(_Co,O thin films was calculated. The nonlinear
refractive index of the Zn(; _,,Co,O is well correlated with
the linear refractive index and WDD parameters which in
turn depend on the density and molar volume of the sys-
tem. The nonlinear refractive index increases linearly with
linear refractive index, whereas the nonlinear refractive
index follows the same trend of linear refractive index with
wavelength.
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