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Abstract

ZnlIn,Se, has polycrystalline structure in as synthesized powder form; it becomes nanocrystallites
upon thermal deposition. The crystallite size increases by increasing annealing temperature. The
radial distribution function showed that in the first short range order shell; Se atom is tetrahedral
surrounded by a vacancy and three cationic sites occupied by the metal atoms in the ratio 2/3 of In
and 1/3 of Zn. The medium range order region is attributed to In-In pairs having a layered
structure of connected distorted octahedral. The direct current density—voltage characteristics for
Au / ZnIny,Sey / Au of planar structure revealed three conduction mechanisms depending on
applied potential; namely they are consequently generation- recombination, Ohmic and
exponential trap space charge limited conduction mechanisms. The AC electrical conductivity and
dielectric relaxation of ZnIn,Se, thin films in the temperature range 305-493 K and in frequency
range 1 kHz —4M Hz has also been studied. Analysis of Inc,- In ® curves showed that band-type
conduction process occurs in frequency range < 1945 Hz. For frequencies > 1945 Hz, o, increases
linearly with the increase in frequency and this is associated with hopping type conduction
mechanism. Analysis of these results proved that conduction occurs by phonon assisted hopping
between localized states and it is performed by bipolaron hopping mechanism. The temperature
and frequency dependence of both the real and imaginary parts of the dielectric constant have been
investigated..

Keywords: Znln,Se, thin film; Conduction mechanisms; Dielectric constants

Introduction photovoltaic devices (Kale and Lokhande, 2005,
and Pawar et al., 2011).
Znin,se, belongs to A"B)' X' chalcopyrite Znln,Sey has potential applications in photo

electronics, photovoltaics (Luengo et al., 1996
and Grilli et al.,, 1976), buffer layer in the
fabrication of heterojunction solar cells (Babu et
al., 2011) and also in the development of electro-

family which has non-linear optical properties
and technological applications such as light
emitting diodes, laser screens, transistors and
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optical memory devices (Hendia and Soliman
1995, Filipowicz et al., 1981 and Edwards
Soliman et al., 1999). Thin films of ZnIn,Se,
were prepared by different techniques such as
thermal evaporation (Zeyada, et al., 2009). Spray
pyrolysis (Yada. et al., 2008), electron deposition
(Sun, 2009) and chemical bath deposition (Choe
et al., 2009) techniques.

El- Nahass, et al. (El-Nahass, 2014)
investigated dielectric and impedance spectral
characteristics of bulk Znln,Se,. Materials are
provided as thin films in device fabrication. The
parameters controlling the properties of thin films
are structure (Hagenmuller, 1990), composition
(Sedeek et al., 1994 and Senthile et al., 2002),
film thickness (El-Nahass et al., 2002 and
Soliman et al., 1998), faults probability (Rouxel,
et al., 1994) and the presence of impurities
(Wiegers, 1989).

Annealing,  substrate
irradiation by ionizing particles or
electromagnetic radiation influence structural
parameters. In this work we investigate the role
played by annealing temperature on structure,
electrical conduction mechanisms and dielectric
constants of zinc indium selenide thin films.

temperature  and

Material and Methods

Material and

techniques

preparation experimental

Ingots of ZnlIn,Se, were prepared by fusion of
stoichiometry quantities of the pure elements in
vacuum-sealed silica tubes; which were left at
1323K for 10 h and then cooled to room
temperature over 48h. Thin films of different
thickness as were prepared by thermal
evaporation technique using a high vacuum
coating unit (Edwards 306 A, England). The
working vacuum was kept atl0® Pa during
deposition. The powder of ZnlIn,Se; was
evaporated into thin films using quartz crucible
heated by tungsten filament on to clean glass
substrates for structural DC and AC electrical
measurements. The deposition of films was done
on substrates kept at room temperature (300K).
The film thickness and rate of deposition were
controlled and monitored during deposition by
film thickness monitor (model, TM-350
MAXTEK, Inc., USA). The deposition rate was
controlled at 2 nm / s. The thickness of deposited
films was also checked by interferometer
technique (Hamza et al., 2003) Annealing of thin
films for structural studies was performed in
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vacuum under a pressure of 10° Pa and at a
temperature of 433K with a soaking time of 2
hrs. The phase analysis of ZnlIn,Se; films with
thickness of 600 nm was performed by X-ray
diffraction technique. Phillips X-ray diffraction
system (model X’pert pro) equipped with Cu
target was used. A filtered Cu K, radiation (A=
1.5418° A) was applied. The X-ray tube voltage
and current were 40 kV and 30 mA, respectively.
The radial distribution function (RDF) data were
collected by using the same diffractometer using
the Bragg-Brentauo Para-focusing technique.
Highly monochromatic Mo radiation (wavelength
A = 0.709A) was used. The step scan mode was
applied in the 26-range (4-135)° . The step size
(A 26 ) = 0.04° and the counting time was 10 sec.
for each reading. The corresponding accessible
maximum scattering vector magnitude, Y, was
16.50 A™. The air scattering was avoided by a
suitable applied arrangement of XRD system.
The receiving and divergence slits were properly
chosen in both small and large 26 — ranges, in
order to improve the qualities of the collected
data. JEOL JSM-6360 scanning electron
microscope (SEM) is used to determine the
crystallite shape and size of ZnIn,Se, thin films.
The applied voltage is 30 kV.

The DC electrical measurements were
performed for Znin,Se, thin films with thickness
of 600 nm in planar configuration between two
gold electrodes which act as Ohmic contacts. The
measurements of electrical resistance were
performed using Keithley electrometer model
5617B. For AC measurements, Znln,Se, thin
films with thickness of 600 nm and area of 1.23
mm? were sandwiched between two Au
electrodes as lower and upper electrodes. A
programmable automatic LCR bridge (Hioki
LCR Hi tester meter model 3552-50, Japan) is
used for determination of AC measurements
parameters. This LCR meter can measure the
capacitance, C, the resistance, R, the dissipation
factor, tano, (displayed as D) and the quality
factor, Q, in both of parallel and series modes.
All  the investigated measurements are
represented on the screen of the bridge by a
resistance, R, connected in parallel with a
capacitance, C. The real part of the dielectric
constant was calculated from the equation:

ﬂ, where &, is the permittivity of free

&A

space, d is the film thickness and A is its area.
The dielectric loss & was also calculated from the
equation: g=& tand and o,= © && .The AC

&

r
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measurements  were carried out through
temperature range from 333 to 473K and
frequency range from1lkHz to 4MHz.

Results and discussion
Structure of Znin,Se, film

The EDAX spectrum of thermally evaporated
Znln,Se, film in pristine condition had been
studied in a previous work (Zeyada et al., 2009),
only peaks of Zn, In and Se are observed .The
evaluated elemental composition are: Zn-9.42
at.%, In-37.71 at.% and Se-52.87at.%. These
results indicate that the structure of ZnIn,Se, film
keeps its stoichiometry after thermal evaporation.
The XRD pattern of ZnIn,Se, in powder form
and annealed film condition, 433K with soaking
time of 2 hours, is shown in Fig.l. Fig.1 (a)
shows a polycrystalline structure of Znln,Se, in
powder form. The Miller indices (hkl) are
indicated on each diffraction peak using ICDD
Card No. 80-0424. For all samples a major peak
is observed at about 27.17° and its equivalent
inter-planar  spacing is of 3.279A  which
corresponds to reflection from (112) plane of
tetragonal crystal system; this indicates that the
nano-crystallites are preferentially oriented with
(112) planes parallel to the surface of substrate.

The tetragonal cell is of space group 14 with
space parameters a = 5705 A, ¢ =11.448A
(Gastaldi et al., 1987). Fig.2 illustrates SEM
image of pristine ZnlIn,Se, film; nano-crystallite
structure is obtained with average crystallite size
of 45 nm and it is homogenously distributed all
over the film. Fig.1 (b) shows the influence of
annealing temperature of 433 K with a soaking
time of 2 hrs on x-ray diffraction pattern of
Znln,Se, film, nanocrystallites are formed in the
film. The crystallite size of ZnIn,Se, in powder
form and annealed thin film conditions have been
determined on (112) diffraction peak using the
well known Debye- Scherrer's (Cullity, 1979)
equation:

S kA
pcosé

M)

where £ is the full width at half maximum
(FWHM) intensity of the diffraction peak for
(112), @ is the diffraction angle, A is the x-ray
wavelength (1.5418 A) and k is a constant whose
value is 0.98. The determined crystallite size is
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410, 45 and 84 nm for powder, pristine and
annealed films, respectively. The radial
distribution function, RDF, wversus atomic
distance R is represented in Fig. 3 for the pristine
film. Up to 6.0A the structural atomic
correlations are good represented.

090

Intensity, Counts/Sec.

23 Degree}

Fig. 1 XRD patterns for ZnIn,Se, in: (a) powder form
and(b) annealed thin film at 433K with a soaking

Det WD F———— 200ym
SE 18.7 E.M.R.A-XL30(6)

AccY  Spot Magn
30.0kV 6.0 150x

Fig. 2 Scanning electron microscope image for
pristine Znln,Se, thin film.

The first coordination shell for the sample is
observed at almost 1.66A, this shell is stretched
to be at 1.71A; in the first short range order
,SRO, shell Se atom is tetrahedral surrounded by
a vacancy and three cationic sites occupied by the
metal atoms in the ratio 2/3 of In and 1/3 of Zn.
The second peak is observed also for the film at
around 2.60A in form of a shoulder. This
shoulder is due to In-Se pairs. The next peak is
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declared at ~ 3.20A for the pristine film. This
third coordination is also due to In-Se
correlations inside the SRO. These arranged In-
Se pairs are in form of distorted tetrahedral. The
next peak appears at 4.21 A. This peak is in the
medium range order, MRO, region and is
attributed to In-In pairs having a layered structure
of connected distorted octahedral. The RDF
structural parameters for both SRO and MRO are
collected in Table 1. Concerning the bond angle
distributions in SRO and MRO correlated pairs;
the sample has a large value of ¢ (Se-®-Se) of
103.86°. The bond angle of (In-Se-In)
correlations is ~75° for the pristine film.

DC electrical measurements

The DC electrical conductivity,cq, for planar
samples of ZnIn,Se, has been related to the
temperature by the following equation (Mott,
1987)

Eg
TR KT
B

where o, is the pre-exponential factor, Ey/2 is
the thermal activation energy for this process, T
is the temperature expressed in Kelvin and Kz is
the Boltzmann constant. The plot of In (og)
versus reciprocal of temperature (1/T) in the
temperature range 357 — 448 K for planar
samples of Znln,Se, film thickness of 600 nm is

)

shown in Fig. 4. A linear relationship between in
(og4) and 1/T is observed; The activation energy,
E/2, is calculated from the slope of the straight
line and found to be 0.96 eV, It is noted that the
obtained value of thermal activation energy is
half the value of energy gap of ZnIn,Se, (Zeyada
et al., 2009 and Choe, et al., 2009) o, is obtained
from the intercept of the straight line with
ordinate axis.

300K
— Caleulated ROF

RDF, Atom/A

T T T T T T T T

2 3 4 3 =1
R4

Fig. 3 RDF simulation of ZnlIn,Se, in the real space,

the substrate temperature is 300K.

Table 1 Parameters of RDF for Znln,Se, films deposited at substrate temperature of 300K (film

thickness=300nm)

Substrate R,A | Njatoms | R,A N,, |Rs,A| Ns | Rs;A | Ngatoms | Rs, A | N
Temperature(Ts) (shoul.) | atoms atoms atoms
298 K 1.664 | 3.455 2.621 | --—--- 3.231 | 6.661 | 4.211 | 10.610 5.291 | 12.531
Pair type Se-® In-Se In-Se In-In | | -

-Zn
-In
-In

®-Vacancy; R+0.03A; N+0.20 atoms

Fig. 5 illustrates room temperature current
density—voltage (J-V) characteristics for Au /
Znln,Se, / Au of planar structure for samples of
Znin,Se,. It is clear that there are different
conduction mechanisms operating in the device
depending on the applied voltage. The log J-
logV relation is linear .There are three distinct
voltage regions; in the low voltage region, the
value of the slope is equal to 0.164 and this
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corresponds to the generation- recombination of
current carriers. At potential bias 0.164 < V <
2.77, the dark log J-log V relation is linear with
slope equal to 0.96, indicating that the conduction
mechanism may be described by Ohm’s law
(Saleh et al., 1993 and Krishnakumar and Menon
1997) where the current density is given by:
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where e is the electronic charge, n, is the
carrier density, p is the carrier mobility, V is the
applied potential. The concentration of thermally
generated electrons in the conduction band, n,,
can be calculated from the Ohmic region of the J
— V characteristics for a ZnlIn,Se,, taking into

\Y
J=en,pu—
"

account that the ZnIn,Se; is  n-type
semiconductor (Zeyada et al., 2009) the electron
mobility is 8x10° cm® V! s' at room

temperature (Abdullayev et al., 1990) and film
thickness is 600 nm. The value of n, for Znln,Se,

thi3n films is calculated and found to be 4.5x10'®

'IJ'T.K.1

Fig. 4 A plot of Lnoy versus 1/T for Znin,Se,
thin film.

Ohm’s law breaks down at potential bias
>2.77V. above this potential, the slope of log J—
log V curve is 4.55, (Fig. 5) indicating that
exponential trap space charge limited conduction
(SCLC) is the operating conduction mechanism
(Gao et al., 200land Abdel Malik and Abdel-
Latif 1997 and Mazen et al., 1997) the current
density is given by:

Vl+l
|

d 21+1

Jscre = 4N ( d ) (4)

eHok,,j,Tt

where N, is the effective density of states at
the conduction band,Hy is the trap concentration
per unit energy range at the conduction band
edge, ¢is the permittivity of ZniIn,Se,, films, (£ +
1) represents the power law exponent and £ = T,
/T; where T, is the temperature parameter
characterizing the exponential trap distribution
given by (Gao et al., 2001) as:
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E
H(E)=H,exp(———), 5
(E)=H, exp( kBTt) (5)
where H(E) is the concentration of traps per
unit energy range as a function of energy, E,
under the wvalence band edge. The total
concentration of traps, Ny, is given according to
(Gao et al., 2001 and Abdel Malik and Abdel —
latif 1997) by:
Nt(e) = HokBTt (6)
It is interesting to note that there is a transition
voltage separating Ohmic conduction mechanism
from SCLC mechanism. From Eq. (4) a slope of
4.55 implies that £ = 3.55 and the temperature
parameter is Tt = 1065K for T = 300 K.

sope=4549

log (j . Afm®)

siope=04963
slope=0.164

15 40 45 0s 18

oV, V)

40 18

Fig. 5 The relation between log J —log V for
Znln,Se, thin films.

AC electrical measurements

The AC electrical conductivity, o, as a function
of temperature and frequency has been
investigated. The measurements were performed
for ZnIn,Se, films of thickness 600 nm
sandwiched between two gold electrodes. The
variation of In o, versus reciprocal temperature
for ZnIn,Se, films in the temperature range 300-
500K and in the frequency range 1 kHz — 4 M Hz
is depicted in Fig. 6; it shows a frequency and
temperature dependence of AC conductivity. The
AC conductivity increases with the increase of
both temperature and frequency. There are two
domains of conductivity depending on
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temperature. The activation energy for each
domain is calculated according to:

a

O, = 0y EXP and is depicted in Fig.7
B

as a function of frequency. The activation energy,
E,. decreases with increasing frequency. The

activation energy in high temperature region is
greater than that in low temperature region. The
obtained value of the AC activation energy at any
frequency is lower than the DC activation energy
over the same range of temperature. This is clear
since the charge carriers in the DC conduction
choose the easiest paths, which include some
large jumps, while this is not so important in the
AC conduction (Mazen, 1997) The increase of
the applied field frequency enhances the
electronic jumps between the localized states,
consequently the activation energy decreases
with increasing frequency. The small values of
the AC activation energy compared with that of
DC activation energy and the increase of o, with
frequency confirm that the hopping conduction is
the dominant mechanism.

Frequency

—=—1kHz
—o—f8kHz
—+— 10kHz
—+—A0kHz
—+— 100kHz
—a— 500kHz|
—+— 1MHz
—a—4MHz

T T T
245107 b3 226187 LaxihT

Fig. 6 A plot of Lnog versus 1/T in the
frequency range 1kHz-4MHz for ZnlIn,Se, thin
film.

Fig. 8 illustrates the data of log o, versus
log ® for ZnIn,Se, thin film of thickness 600 hm
at different temperatures and sandwiched
between two gold electrodes. As observed from
the curves, AC conductivity increases with the
rise in temperature and it decreases nonlinearly
with increasing frequency in the frequency range
from 308 to 1945 Hz. For frequencies >1945 Hz,
oy Increases linearly with the increase in
frequency. Similar behavior has been observed in
some semiconductor materials (Shafai and
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Gould, 2007, and Vishnuvardhan et al., 2006).
Generally, decrease of conductivity with
increasing frequency is associated with band-type

conduction process, while increasing
conductivity with increasing frequency is
associated with hopping type conduction

mechanism (Azim-Araghi, 2007and Azim et al.,
1996) . Therefore, for the range of frequencies <
1945 Hz the band theory can be applied and for
the range of frequencies > 1945Hz, the hopping
mechanism is suitable for ZnIn,Se4thin films.
This indicates that AC conductivity is governed
by the power law:

o, =Aw’, (1)

where A is a constant and s is called the
frequency exponent. The values of frequency
exponent were obtained for each curve from the
slope of linear parts at high frequencies of the log
Gy versus log o relation for different
temperatures. A plot of frequency exponent
versus temperature is shown in Fig.9, from which
we can see that s decreases with the increase in
temperature and it approaches unity as the
temperature decreases to 300K. Such a behavior
of s with temperature indicates that correlated
barrier hoping (CBH) (Elliott, 1978) is the
operating conduction mechanism in Znln,Se,
films. CBH model for AC conductions has been
developed initially by Pike for single electron
hopping This model is extended by Elliott for
two electrons hopping (Elliott , 1987 and Ardona
et al., 1986) for neighboring sites at a separation
R.,, the Coulomb wells overlap, resulting in
lowering of the effective barrier from its
maximum height Wy, to a value W given by

.28

418 o

L e s m e o e e IS e m m
4400 T0O0 QDO ERDOC 1Q0DDO BOOCRO :IDOODO SER

FH

Fig. 7 Variation of activation energy,AE,. versus
frequency f, for Znln,Se, thin films; (I) low
temperature region and (II) high temperature
region.
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Tema. K
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—— 413
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—— 53
—— 473

log (@, Hz)

Fig. 8 The relation between log o, —log ® for
Znln,Se, thin films in the temperature range 333-
473K.

e2

— 8
7'[5'180 Ra) ( )
The equations defining o, and R,, are given in
(Elliott, 1987) The first approximation for the
frequency exponent s according to this model of
Elliott (Elliott, 1987) is given by:
6k, T
s=1-—2
W

W =W, -

9)

m
Dielectric measurements

Figure 10 shows the capacitance—frequency-
temperature, C—f-T, characteristics of ZnlIn,Se,
sandwich thin film with thickness of 600 nm in
the frequency range 51Hz- 4.4 MHz and at
various constant temperatures ranging from 333 -
473K. It can be seen that for a constant frequency
as the temperature increases the capacitance
increases as well and for a certain temperature it
is also observed that the capacitance decreases
nonlinearly with the increase in frequency up to a
certain frequency, f., after which it arrives to a
constant capacitance value. The capacitance is
shown to be strongly frequency dependent at
relatively low frequencies and high temperatures,
but became less at high frequencies and at low
temperatures. This result is associated with the
release of charge carriers from relatively deep
traps (Azim, 1996 and Gould et al., 1996) Such
a behavior of the capacitance of Znin,Se, thin
film with frequency and temperature is the
ordinary one for some of the semiconductor

85

materials (Zeyada, 2011, and El-Nahass et al.,
2005) .

1.0

{08

.88

504 4

402 o

482 T T T
340 etan)

T.K
Fig. 9 Variation of exponent factor, S, versus

temperature for Znln,Se, thin films in the
temperature

T T T
28e 440 424

The temperature dependence on s shown in
Fig. 9 is consistent with Eq. 9 indicating that the
dominance of CBH model as electrical transport
mechanism for ZnlIn,Se, thin films.

Figs. 11 and 12, depict the dependence of the
real, g, and the imaginary, g, parts of the
dielectric constant on the frequency and
temperature for Znin,Se, film. The value of ¢, is
greater than the value of ¢ at the same
temperature and frequency. & and g; have the
same response to temperature and frequency
where they increase with increasing temperature
and decrease with the increase of frequency. The
values of g and ¢; is great at high temperatures as
well as at low frequencies. The behavior of ¢, and
& at different temperatures can be explained by
means of the dielectric polarization mechanism
of the material. The temperature variation of the
dielectric constant for the perfect solid dielectrics
depends on three factors that are related to the
thermal expansion and polarizability of the
material. The first factor represents the decrease
in the number of polarizable particles per unit
volume as the temperature increases and has a
direct effect on the volume expansion. The
second one signifies the increase in the
polarizability of a constant number of particles as
the volume increases and the third factor denotes
the change in polarizability due to temperature
changes at a constant volume. At high frequency
region, the variation in the field is very rapid for
the dipoles to align themselves, so their
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contribution to the polarization and hence, to
dielectric permittivity can become negligible.
Therefore, the dielectric permittivity,s,, decreases
with increasing frequency. The decrease of the
dielectric constant, g, can also be explained from
interfacial polarization.

Temp, K
o —+—1333
Y —x— 283
HE-F o\\ 383
1o —— 373
-\‘&\\n 203
A
\\0\0\}\: —— 433
[-% a
o . \,\.\D\.\.\,.\n 443
WIS —e—483
ERTEIY " b;fioh\‘. . —o— 475
LIS
e
st
T LELELILRRLL | LELELILRRLL | LERERLRRLLL | T """;.I "A'.“""‘

Fig. 10 Variation of parallel capacitance, C,, with
frequency f, for ZnIn,Se, thin films in the
temperature range 333-473K.

The interfacial polarization arises as a result
of difference in conducting phase, but is
interrupted at grain boundary due to lower
conductivity.  Generally in  polycrystalline
materials, the grains exhibits semi conducting
behavior while the grain boundary are insulators.
The imaginary part, €;, of the dielectric constant
corresponds to a current density within the
dielectric that is no longer exactly m/2 out of
phase with the electric field. It is responsible for
the dissipation in the dielectric at the specific
frequencies as depicted in Fig.12. It is known that
the contribution to the dielectric loss generally
consists of a conduction and relaxation
components. The higher values of g; at relatively
low frequency may be attributed to the
contribution arising from both the conduction and
relaxation losses. At higher frequencies the
relaxation losses are the only sources of dielectric
loss. It is also noticed that ¢; increases with the
increase in temperature. As the temperature
increases, the relaxation loss component reduces
and the conduction loss component increases

more rapidly. ¢ is directly proportional to o, at

constant frequency as the temperature increases
the electrical conductivity increases too, leading
to a high increase of the dielectric constant.
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Really, the jump of the charge carriers is a
thermally activated process, and therefore the
dielectric constant increases with temperature.

aeg

Frequency
—— tkHz
—— BkHz
—s— 10kHz
—+— B0kHz
—— 100kHz
—o— B00kHz

B8E4

-
wooang 4

204

Fig. 11 Temperature dependence of the real part
of the dielectric constant,s, in the frequency
range 1kHz-4MHz

Frequency
—— 1kHz
—— OkHz
—— 10kHz

—— H0kHz

—— 100kHz
—— 500kHz
—— 1lHz
—o—4lHz

30

24l

204

Fig. 12 Temperature dependence of the
imaginary part of the dielectric constant,s, in the
frequency range 1kHz-4MHz.

The dielectric loss versus frequency at various
temperatures is depicted in Fig. 13. It is found
that tan o increases with increasing temperature
because of fast movement of the ions in the
Znln,Se, network and their increased response to
an external electric field with increasing
temperature, tan & increases due to an increase
in conductivity of ZnlIn,Se, which arises from at
least two different mechanisms. The first one is
due to thermal activation in which the
conductivity  increases with increases in
temperature according to the Arrhenius law.The
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second one originates from the structural changes
that occur in the Znln,Se, with temperature.
During the crystallization process as shown in
Fig.1, one would expect more ionic diffusion
within the ZnIn,Se, matrix that enhances the
electrical conductivity and consequently higher
tan 0. It is also observed that the tan 6 decreases
nonlinearly with the increase in frequency up to a
certain frequency, f; , after which it arrives to a
constant value.

The variation of g; with frequency is plotted as
In g; versus In f as shown in Fig. 14. Straight lines
with different slopes are obtained satisfying the
formula:

g =A™ (10)

where A is a constant and m is a parameter,
calculated from the slope of Ing versus Inf
curves , m is related to maximum barrier height,
Wi, by Guintini (Giuntini et al., 1981) relation
as:

4k, T
Wm

The variation of W, with temperature is
depicted in the inset of Fig.14. It is shown that
the value of W, is 0.094 eV at 300K and it
decreased to 0.0096 eV at 413K. It is observed
that both s and W, decreases with increasing
temperature which indicates that the CBH is the
operating conduction mechanism  (Elliott.
1987and Austin et al., 1969) The decrease in
Wi, with increasing temperature may be attributed
to the increase of the degree of overlap of
Coulomb potential wells of the considered sites.

(11)
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Fig. 13 Variation of dissipation factor, tans, with
frequency, f, for ZnIn,Se, thin films in the
temperature range 333-473K.
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Fig. 14 Plot of Lng versus Ln f for Znln,Se, thin
films in the temperature range 333-473K.

Conclusions

In this work we report on structure, electrical
conduction mechanisms and dielectric constants
of zinc indium selenide thin films. The pristine
films have nanostructure. The crystallite size of
Znln,Se, increases by annealing. Radial
distribution function showed that in the first short
range order shell; Se atom is tetrahedral
surrounded by a vacancy and three cationic sites
occupied by the metal atoms in the ratio 2/3 of In
and 1/3 of Zn. The medium range order region is
attributed to In-In pairs having a layered structure
of connected distorted octahedral. The DC
conduction mechanisms depend on applied
potential; namely they are consequently
generation-  recombination,  Ohmic  and
exponential trap space charge limited conduction
mechanisms. The activation energy is calculated
and found to be 0.96 eV. The concentration of
thermally generated electrons in the conduction
band, n,, has been estimated 4.5x10®m™. The
dielectric behavior of ZnIn,Se, films with
temperature and frequency has been discussed
and the potential barrier has been determined.
The decrease of potential barrier and the
exponent factor with temperature confirms that
correlated barrier hopping is the dominant
conduction mechanism.
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