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ABSTRACT

The AgInS2 thin films were prepared on a glass substrates with different
substrate temperatures (623, 573, 523 and 473) K by chemical spray Pyrolysis . For
annealing temperature 473 K, different time ( 2, 2.5 and 3) hours have been applied
.The structure test produced by used the x-ray techniques by (Diffraction and
diffractometer Philips 200) system with copper target (Cu - Ka), wavelength
(0.15406 nm), the average is (2000counts/sec), the voltage is (40 KV), the scanning
average is (5 deg /min) and the angle range is (260 =200 — 600).The optical properties
of the AgInS2 films were determined from the absorbance (A) and the transmittance
(T) data, using UV-Vis. Spectrophotometer at wavelength (400-1000) nm at room
temperature. The direct band gap of (1.87 — 2.46) eV has been found that of the
AgInS2 thin films according the substrate temperature, also, it is affected by
annealing time and becomes ( 1.82 — 2.15) eV . The optical constants (a, k, n) are
also changed as the substrate temperature and annealing time change .The AgInS2
films regard as active selecting films in the range (400 — 665) nm, and can be used as
an absorber layers in solar cells and optoelectric devices.

Introduction

The development

sophisticated technologies which increase the quality

of

contemporary, AgInS2 crystals and polycrystalline films have

been prepared by diverse techniques . In addition,

of human life is closely to the semiconducting
The
semiconducting thin films have a crucial role in high —
tech industry.[1]

materials. science and technology of

Multiparty compounds, or series of materials
consisting more than two atomic species, have been
extensively studied in many fields of materials science
While

compounds are not vary popular materials in the other

and solid state electronics. multinary
kinds of substances, such as dielectric, magnetic and
superconducting materials [2]. AgInS2 has been
crystallized in chalcopyrite phase with a strong (112)
X-ray diffraction line [3], which has gap energies
between 1.87 eV and 2.01 eV [3-5] and orthormic

structure with gap energy 1.98 eV[4].

* Corresponding author at: University of Anbar - Collage of
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polycrystalline thin films of this material have been
prepared by spray pyrolysis :

(2001) M. Ortega-L" opez & et. al. prepared
AgInS2 thin films by the spray pyrolysis technique
and studied the effects of the growth temperature and
the chemical composition of the solution on the
structural, optical and electrical properties of the films
[6].

(2005) Seungnam Baek and Kwangjoon Hong
studied AgInS2 which has been grown by hot wall
epitaxy method [3] .

(2006) Aissa and et. al. studied some physical
investigations on AgInS2 sprayed thin films which are
structural and optical properties .[4]

(2006) Okoli & et. al. studied the optical
properties of AgInS2 which prepared by chemical bath

deposition technique [7]
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(2007) Aissa & et. al. studied the effect of S/In
concentration ratio on the physical properties of
AgInS2-sprayed thin films [8]

(2007) Albor Aguilera and et. al. studied the
Photoluminescence of chalcopyrite and orthorhombic
AgInS2 thin films deposited by spray pyrolysis
technique [4].

(2008) Kong-Wei Cheng and Sheng-ChihWang
studied the Effects of complex agents on the physical
properties of Ag-In-S ternary semiconductor films

using chemical bath deposition [9]

In the chalcopyrite structure of AgInS2, the
splitting of the valence band is known to be dominated
by the uniaxial lattice compression. Therefore, the
uppermost valence bands of AgInS2 are profoundly
influenced by the proximity of the d levels of the
valence band of the noble-metal. Then, both p and d
orbitals of AgInS2 are known to be partially elevated
due to this degeneracy. These states participate in the
photoconduction process, resulting in extending the
photo-response on the higher energy side. Generally,
absorption experiments are used to measure the band
gap energy. This method is known to be in accurate to
obtain the band gap energy due to the difficulty in
defining the position of the absorption edge. Also,
studies of the temperature dependence of the band gap
for only a limited number of ternary chalcopyrite
crystals have been reported in the literature [10].
These films can be used as a good photo-absorber in
PEC applications, in solar cells and optoelectric
devices . [11]

In this paper the ternary AgInS2 thin films
compound, which has been investigated known to be a
ternary compound semiconductor, with wide band gap
in the visible region of the spectrum.

Most of the optical properties of the films have

been calculated from the experimentally measured
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values of the absorbance (A) and the transmittance (T)
according to following relations :

T=Q0-R)’exp(-A)
=@1-R)’exp(—at)..c.covuen. (Wb

where the R is the reflectance, (@) is the
absorption coefficient and (t) the film thickness [12] .

when (R) is very small,the optical absorption

coefficient (@) is determined by using the relation
[13]:

A s the wavelength of photons.
The refraction index (n) of the films has been

calculated by :
%
(R-D?

Experimental Procedure

The chalcopyrite AgInS2 films have been
produced by spraying the aqueous solution of (0.02 M
AgNO03.2H20), ( 0.08 M InCI3) and ( 0.16 M
(NH2)2CS) in a 4:1:1 ( by volume ) on to the glass
substrates (25X25X1) mm, at different substrate
temperatures ( 623,573,523 and 473) K = 5 K, before
the deposition the slid were cleaned with HCI solution
, DI water and acetone .

The flow rate of solution during deposition was
adjusted to be about 2.8 ml / min and kept constant
throughout the experiment and the normal distance
between the nozzle and the substrate is 50 cm . The
natural air used as the carrier gas to spray the solution .

The thickness of the films calculated by
weighting method and it was ( 100 £ 20) nm .The
films are annealed at 473 K with different times ( 2,2.5

and 3) hour by using electric oven.
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The absorbance & transmittance of the films
UV-  Visible
spectrophotometer in the range ( 100 - 400 ) nm at

have  been  measured by
room temperature.

Result and Discussion:

The absorption coefficient (@) was determined

from eq. (2) for the thin films under investigation.

Figure (1) shows that the variation of () with 4 for
different substrate temperature. The direct band gap
material for AgInS2 has been calculated to be the

cutoff value of (a) has been found to be
~75x107%cm™ at 675 nm same for all substrate

temperature, while in the region below 675 nm the

value of (@) has been found to depends on the
substrate temperature . This means that the substrate
temperature is not effected on the type of the primary
compound but it effected on the grains of the films and
It is observed that the absorption coefficient decrease
with decreasing photon energy. We deduce that the
absorption is not attributed to the free carriers only,
but to impurities or localized electronic states. or by
producing secondary phases with the primary
compound as shown by figure (2) .

Figure (3) shows how the values of the
absorption coefficient at 550 nm are varied with the
annealing time We deduce that the some of the
secondary phases are concealed with produced the
AgInS2 phases .

Figure (4) has been noticed that the band gap
energy were decreases when the substrate temperature
decreased from 573 K to 623K, while it behaves
inversely at 523K ( 1.87 eV at 623 K, 2.46 eV at 573
K, 2.38 eV at 523 K and 2.28 eV at 473 K).This can be
attributed to the formation of a new phases, such as
Ag2S and In2S3 compounds with more probable to
AQ2S since the electro- negativity of Ag higher than In
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[15], caused to increment in Ag2S phases at some
temperature below AgInS2 generation temperature .

The value at substrate temperature 623 K is in
good agreement with reported values [3,4, 6].

Figure (5) has been noticed that The values of
the band gap changed as (2.02, 1.85 and 1.82) eV at
623 K, (2.1, 2.05 and 2.09) eV at 573 K, (2.04, 2.08
and 2.05) eV at 523 K and (2.15,2.1 and 2.05) eV at
473 K when annealed with (2,2.5 and 3) h, generally,
the films are working in a visible range.

The band gap for the films which deposed at
substrate temperature 623 K are increased with the
annealing time decreasing, but at 2 hours the value of
band gap decreased from 1.87 eV to 2.02 eV, this
decrease was attributed to variation of stoichiometry
[16], The recovery in the value of band gap for the
films which preparing at 623 K due to the recovery
and the integrating in the crystal structure, this reason
the
properties[9], the lag of the optical properties for the

has done on all recovery in the optical

films which are preparing at low substrate
temperatures caused by finding the indirect transitions.
The annealing is the effecting on the absorption edge
by increasing the grain size and decreased the crystal
defects this has been caused the fading of the extra
absorbance which produced by the grain boundaries,
and the decreasing in the band energy gap with the
treatment by the annealing has been indicated to the
grain defects increased by secondary phases
generation and the wilding of the crystal grains in their
films caused to produced the islands [17].

Figure (6) and Figure (7) have been noticed that
the values of the extinction coefficient changed with
substrate temperature and with the annealing time, To
explain this behavior, it may be related to a new phase
of AgInS2 and the increasing and decreasing in the
secondary phases.

Figure (8) and figure (9) have been noticed that
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The values of the refraction index changed with
substrate temperature and the annealing time, The
explanation of this behavior may be related to the
polarization of thin film because n depends on material
polarization where with increasing polarization the
velocity of light was decreased so n changed [18]. In
general the behavior of K and n similar the behavior
ofa.

The AgInS2 thin films with diract band gap
energy between ( 1.82 — 2.465 ) eV with various the
sabstrate temperature between ( 473 — 623)K, the films
have been deposited by using the chemical spray
pyrolysis technique .

We can consider the activ range of the produced
films were at ( 400 — 665) nm . The experimental
results show that films in this study can be used as a

good photo-absorber in PEC applications.
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Fig. (2) : X-ray diffraction pattern of AgInS2 thin
films at different substrate temperatures (623, 573,
523 and 473) K.
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