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Abstract: The electrical properties of ZnIn2Se4 thin films grown on glass substrates by the flash evaporation technique
at different substrate temperatures (T s) ranging from 473-623 K are studied. The influence of substrate temperature (T s)
on the electrical characteristics such as resistivity (ρ), Hall coefficient (R H), carrier concentration (ɳ), and Hall mobility
(µH) of ZnIn2Se4 thin films were studied. It is observed that the films deposited at 573 K have minimum resistivity. The
activation energies (ΔE) were evaluated in the temperature range 303-423 K.
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I.
INTRODUCTION
The ternary semiconducting compounds with the
composition II-III2-VI4 (where II=zinc, cadmium or
mercury; III=aluminium, gallium or indium; VI=sulphur,
selenium or tellurium) have been widely investigated
because of their potential applications as photoconductors
, non-linear harmonic generators , IR detectors,
temperature sensors , narrow-band optical ﬁlters, etc. , , .
Among the II-III2-VI4 chalcopyrites, ZnIn2Se4 has drawn
special interest because it has relatively high
photoelectronic sensitivity in the spectrum range from
visible to near infrared and also, it is expected as a
promising material for optoelectronic applications. Many
studies have been made on the crystal structure , , ,
photoconductivity properties , photosensitive properties ,
photoelectrical memory effect , intraband transition , solar
cell , and thermal properties of ZnIn2Se4. We recently
reported the growth of ZnIn2Se4 thin films by flash
evaporation technique and its application as a memory
switching device , .
Substrate temperature (Ts) is one of the key deposition
parameters in the vacuum deposition technique. It
influences the composition and crystallinity of the
deposited films, and offers a wide range of applications in
various fields. Hence the investigation of the effect of
substrate temperatures (Ts) on the properties of vacuum
deposited thin films is of great importance. In the present
paper, an attempt has been made to obtain more detailed
information on the effect of substrate temperature (T s) on
the electrical properties such as resistivity (ρ), activation
energy (ΔE), carrier concentration (ɳ) and Hall mobility
(µH) of ZnIn2Se4 thin films. The results obtained are
reported and discussed

Pa. The source material was single-phase ZnIn2Se4 with
grain size of 100-150 µm. The evaporation was carried out
from tungsten (W) boat maintained at sufficiently high
temperature (≈1300 K) in order to evaporate the material
instantaneously. Glass substrates were kept at different
temperatures ranging from 473 to 623 K to deposit thin
films. The film thickness and the rate of deposition were
determined and/or controlled by the built in quartz crystal
thickness monitor (model: DTM-101) of the Hind High
Vacuum coating unit. The rate of evaporation was found
to be 10 nm/sec in all the experiments and thickness of the
deposits were around 200 nm. The Hall Effect
measurement setup (model: 7805, make: Lake Shore
Corporation, Inc., USA) was used for the electrical
characterizations of the ZnIn2Se4 thin films by establishing
pressure contacts on the films. The I-V measurements
were made by an electrometer (model: 6517B, make:
Keithley, USA). Calibrated chromel-alumel thermocouple
was used for the temperature related measurements.
III.
RESULTS AND DISCUSSION
Our previous studies on the growth of ZnIn2Se4 thin films
revealed that single-phase, polycrystalline, stoichiometric
thin films of ZnIn2Se4 have been grown in the substrate
temperatures (Ts) range 473 K ≤ Ts ≤ 573 K. The films
deposited at lower substrate temperatures,
(Ts < 473
K), were amorphous in nature, while at higher substrate
temperatures, (Ts > 573 K), the films were polyphase.

A. The effect of Substrate Temperature on Resistivity
The variation of the electrical resistivity (ρ) of ZnIn2Se4
thin films (having film thickness around 200 nm) with the
substrate temperature is shown in Fig. 1. It is observed
from Fig. 1 that the electrical resistivity (ρ) decreases with
increasing substrate temperature (Ts) and reaches a
minimum value at 573 K. The decrease in resistivity of the
II.
EXPERIMENTAL DETAILS
ZnIn2Se4 thin films were deposited by flash evaporation films with increase in substrate temperature (Ts) upto 573
technique on clean glass substrates using a vacuum K can be explained using Petritz barrier model : according
coating unit (model: 12A4D; make: Hind High Vacuum to this model, the crystallites do not grow sufficiently
Co. Pvt. Ltd, Bangalore, India) pumped down to ≈7.5x10-4 large at low temperature and the large inter-crystalline
regions offer high resistance for the movement of charge
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carriers. At higher substrate temperatures (Ts), the
formation of fewer nucleation centres results in larger
crystallite sizes, which ultimately decreases the number of
inter-crystalline barriers. The charge carriers, therefore,
have to cross comparatively narrow inter-crystalline
barriers. The films deposited at higher substrate
temperatures (Ts) are nearly stoichiometric and have larger
grains and this may be responsible for the decrease in the
resistivity. This is in good agreement with our
morphological observations made from the Scanning
Electron Microscopy (SEM) and Transmission Electron
Microscopy (TEM) studies which provided evidences for
the improvement of the crystallinity and the increase of the
crystallites size in the films with the increase of the
substrate temperature (Ts) .
Nevertheless, the electrical resistivity (ρ) of the ZnIn2Se4
thin films deposited at higher substrate temperatures (T s)
above 573 K has increased and it can be attributed due to
the deviation from stoichiometric composition of the
films, since the films grown at temperatures above 573 K
are Zn & Se deficient. Moreover, the formation of
additional phase may be responsible for this deviation in
resistivity; at higher substrate temperatures (T s > 573 K),
the additional phase was identified due to the formation of
In2Se3 in the ZnIn2Se4 films. When the substrate
temperature (Ts) was raised to values higher than 573 K,
the films were found to be dissociating as can be seen
from the diffraction pattern of the film deposited at T s=623
K . Therefore, the films grown at substrate temperatures
(Ts) higher than 573 K are not of single phase but they are
of polyphase. Similar dependence of the resistivity has
also been reported in other zinc ternary compound films .
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where ΔE is the thermal activation energy, k is the
Boltzmann constant and T is the temperature.
The thermal activation energies were calculated from Fig.
2 is presented in Table 1. The activation energies are
found to increase with the increase of the substrate
temperature (Ts). The substrate temperature (T s) has a
significant influence on structure, orientation, and
stoichiometry of ZnIn2Se4 thin films. The crystallinity of
the films increased with increasing the substrate
temperatures and the films grown at lower substrate
temperatures have a random orientation and consist of
dispersed microcrystallites. The activation energy of the
films grown below 573 K is found to be slightly less than
the value reported for ZnIn2Se4 bulk (2.0 eV) . However,
the activation energy of the film grown at a substrate
temperature of 573 K is in good agreement with the bulk
value. At higher substrate temperature (T s = 623 K), the
higher value of activation energy may be due to the
presence of additional phase in the film , , .

Fig.2 Log(R) versus 1/T plots of films deposited at
different substrate temperatures (T s)

Fig. 1 Variation of the electrical resistivity (ρ) of the
ZnIn2Se4 thin films deposited at different substrate
temperatures (Ts)
B. The effect of Substrate Temperature on Activation
Energy
A plot of log R versus 1/T of ZnIn2Se4 films grown at
different substrate temperatures (473-623 K) is shown in
Fig. 2. The studies were carried out in the temperature
range of 303-423 K in a vacuum of 1.333 Pa to avoid
contamination of the film. The temperature dependence on
resistance is expressed as,
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TABLE I: THE THERMAL ACTIVATION ENERGIES
FOR ZNIN2SE4 THIN FILMS DEPOSITED AT
DIFFERENT SUBSTRATE TEMPERATURES
Substrate
Activation Energy
Temperature (Ts), K
(ΔE), eV
473
1.90
523
1.95
573
2.03
623
2.15
C. The effect of Substrate Temperature on Carrier
Concentration and Hall Mobility
Thin films of ZnIn2Se4 were found invariably to be p-type
from hot probe tests. This result was in agreement with the
results obtained from Hall Effect measurements. Nonrectifying (ohmic) contacts could be easily produced by
depositing gold (Au) on ZnIn2Se4 thin films and using
platinum wires for establishing electrical connection.
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The Hall effect measurement was carried out on ZnIn2Se4
films by using van der Pauw geometry. Hall mobility and
carrier concentration of ZnIn2Se4 thin films deposited at
different substrate temperatures (T s) having constant
thickness of 200 nm are shown in Fig. 3. It evident from
the Fig. 3 that decrease in carrier concentration with
increasing substrate temperature ultimately results in an
increase in Hall mobility in the ZnIn2Se4 films , , , . This
may be explained as being due to the increase in substrate
temperature of the films increases the grain size. The grain
growth affects the nature of the barrier and lowers the
barrier potential at higher substrate temperature, which
ultimately increases the Hall mobility. Thus the effect of
substrate temperature on the resistivity, activation energy,
carrier concentration, and Hall mobility are dominated by
grain-boundary scattering phenomena.
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Fig.3 Variation of carrier concentration and hall mobility
of ZnIn2Se4 thin films with substrate temperatures (T s)
IV.
CONCLUSIONS
Flash evaporation technique was employed to deposit
ZnIn2Se4 thin films on glass substrates and the substrate
temperature was used as a tool for tailoring the electrical
properties of the films. The decrease of the electrical
resistivity with increasing of the substrate temperature
upto 573 K was explained based on Petritz’s barrier
model, while the increase of the resistivity for films grown
at substrate temperatures higher than 573 K was explained
due to the formation of non-stoichiometric polyphase
films. The activation energies increase with increase in
substrate temperatures. The carrier concentration and Hall
mobility have been shown to depend primarily on the
grain boundary scattering mechanisms for the ZnIn2Se4
films deposited at different substrate temperatures.
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