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Silver gallium telluride (AgGaTe2) films have been grown by thermal evaporation technique
onto the KCl substrates kept at different temperatures (483–563 K) in a vacuum of
1.3 × 10−3Pa. The experimental conditions were optimised to obtain better crystallinity of
the films. The films so prepared have been studied for their structural, optical and electrical
properties. Observations reveal that the crystallinity of the films increases with increase in
substrate temperature. Average crystallite size of 0.2–0.5 µm has been observed in case of
films deposited at 563 K. Analysis of optical spectra of the films in the range 300–1100 nm
show an allowed direct transition near the fundamental absorption edge (Eg1) in addition to
a transition originating from crystal field split levels (Eg2). It has been observed that the
carrier concentration and Hall mobility of films increases with increase in substrate
temperature. C© 2005 Springer Science + Business Media, Inc.

1. Introduction
AgGaTe2 belongs to I-III-VI2 family of semiconduct-
ing materials that crystallize in space group 14̄2d
with the tetragonal chalcopyrite lattice [1]. These are
ternary analogues of the AIIBVI compounds with cubic
zincblende structure. The c/a ratio is not exactly equal
to two because of the different attractive forces between
each kind of metal atom and the chalcogen atoms in
the chalcopyrite structure. Due to the tetragonal distor-
tion (2-c/a) this class of materials shows a great deal
of applications in non-linear optics (NLO) and photo-
voltaic (PV) energy conversion [2–4]. AgGaTe2 is a
direct band gap semiconductor with an energy gap of
1.32 eV at 300 K and crystallizes in chalcopyrite struc-
ture [5]. Because of its high absorption coefficient and
energy band gap value lying close to solar spectrum, this
material may be considered as a potential candidate for
the fabrication of thin film solar cells. The growth and
characterization of AgGaTe2 thin films have been re-
ported by Patel et al. [6, 7]. Konstantinova et al. [8]
have studied the optical properties of AgGaTe2 sin-
gle crystals. Investigations on electrical properties of
Cu1−x Agx GaTe2 films were made by Kuhn et al. [9].
Julien et al. [10] have studied the optical and electri-
cal properties of ternary compounds in the Ag-Ga-Te
system. Birefringence, indices of refraction, infrared
transmission and temperature dependence of the band
gap of AgGaTe2 have been discussed by Ohmer et al.
[11]. The dielectric properties of AgGaTe2 have been
studied by Xue et al. [12]. Investigation of the optical
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properties of AgGaTe2 films obtained by laser deposi-
tion has been discussed by Bodnar et al. [13].

In this communication, we report the synthesis of
AgGaTe2, the structural, optical and electrical proper-
ties of thermally evaporated films obtained thereof onto
the KCl single crystal substrates kept at different tem-
peratures.

2. Experimental
2.1. Preparation of AgGaTe2 compound
The silver gallium telluride was synthesized from high
purity (99.999%) silver, gallium and tellurium obtained
from Nuclear fuel complex (NFC), Hyderabad (India).
Silver, gallium and tellurium were taken in stoichiomet-
ric proportions in evacuated quartz ampoule at a pres-
sure of 1.3×10−3 Pa at 1300 K in horizontal furnace for
48 h and then broken after cooling (1/2 deg./min) in ice-
cold water. The product so obtained was powdered and
was again sealed in quartz ampoule for retreatment for
24 h to ensure the homogeneity of the product. The am-
poule was again quenched in ice-cooled water and the
material was powdered to 150-mesh size. Homogene-
ity of the alloy is confirmed by the X-ray diffraction
pattern.

2.2. Preparation of AgGaTe2 films
Before carrying out the deposition, the vacuum cham-
ber was baked at 500 K for one hour to degas the vacuum
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chamber. Films were obtained on to the freshly cleaved
KCl single crystal substrates by thermal evaporation of
the pellets of AgGaTe2 from molybdenum boat kept at
1500 K in vacuum of 1.3 × 10−3 Pa. Radiant heater
was used to heat the substrate in the temperature range
450–600 K. The substrate temperatures were controlled
by PID temperature controllers using K-type thermo-
couple obtained from Omega Eng. (USA). The order
of the vacuum was maintained using liquid nitrogen
trap during evaporation. The thickness of the films was
monitored during evaporation using digital thickness
monitor (DTM-101) and was kept around 1.7µm and
deposition conditions were maintained almost the same
for all the films. In order to study the effect of substrate
temperature on the properties of films, they were grown
under identical conditions by keeping the source tem-
perature (1500 K), residual pressure (1.3 × 10−3 Pa)
during deposition, source to substrate distance (15 cm)
and rate of deposition (100 Å/sec) constant. The de-
position rate was kept constant by allowing the same
amount of current to pass through the boat, and every
time all the material in the boat was completely evapo-
rated in order to ensure the stoichiometry of films. The
compositional analysis of films has been carried out us-
ing X-ray fluorescence (XRF) and weight percentages
of silver, gallium and tellurium have been found com-
parable with those of stoichiometric powder. The films
so obtained were annealed at 500 K and kept in vacuum
to prevent direct contact from the atmosphere.

2.3. Measurements
To study the surface topography and influence of dif-
ferent substrate temperatures on the growth of films,
a series of scanning electron micrographs of the films
were taken using Jeol JSM-6100 (Japan) scanning elec-
tron microscope. The XRD scans of films were taken
using Cu Kα (wave length = 1.5405 Å) radiation in the
2θ range 5–60◦ by Philips diffractometer.

The optical band gap studies have been carried out by
taking transmittance spectra of films in the photoenergy
range 1.4–2.4 eV from UV-1601PC (Shimadzu, Japan)
Spectrophotometer.

The electrical resistivity, Hall mobility and carrier
concentration of the AgGaTe2 films were determined
in vacuum of the order of 10−2 Pa using Vander Pauw’s
[14] four probe technique in the temperature range 193–
413 K. Silver contacts were used to connect electrical
leads to the films and were verified to be ohmic from the
symmetric straight line of current-voltage (I-V) char-
acteristics passing through origin.

3. Results and discussion
3.1. Structural characterization
Fig. 1a, b and c show the scanning electron micro-
graphs of AgGaTe2 films deposited onto KCl sub-
strate kept at different temperatures. The surface to-
pography in these micrographs illustrates the distribu-
tion, shape and size of crystallites. An appreciable in-
crease in crystallite size with substrate temperature has
been noticed (Table I). The average crystallites size of

(a)

(b)

(c)

Figure 1 Scanning electron micrographs of AgGaTe2 film deposited at:
(a) 483 K, (b) 523 K and (c) 563 K respectively.

0.2–0.5 µm has been obtained for the films deposited at
563 K.

The X-ray diffractogram obtained for AgGaTe2 film
deposited at 563 K (Fig. 2) shows the presence of many
well sharp and resolved lines, which confirm its crys-
talline behaviour. The d-values are calculated for θ

values corresponding to different peak positions us-
ing Bragg’s equation 2d sinθ = nλ taking n = 1.
These d values are in good agreement with those found
in literature [11] thus confirming the formation of
AgGaTe2 film on the substrate. The films appear to have
a high degree of crystallographic texture in the [112]
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T ABL E I Experimental data of average crystallite size, activation en-
ergy and optical band gap of AgGaTe2 films deposited on KCl substrate
kept at different temperatures

Optical band
gap energy

(eV)
Substrate
temperature (K)

Crystallite
size (µm)

Activation
energy (eV) Eg1 Eg2

483 0.22 0.048 1.29 1.84
523 0.32 0.043 1.31 1.87
563 0.50 0.035 1.32 1.90

Figure 2 X-ray diffraction pattern of AgGaTe2 film deposited at 563 K.

direction. Also, the diffraction lines are comparatively
sharp for the films deposited at higher substrate tem-
perature thus indicating a higher degree of crystallinity
[15].

3.2. Optical properties
The optical spectra of films recorded at room temper-
ature in the wavelength range from 300 to 1100 nm
show two absorption humps. The first hump occurs
in the photon energy range 1.2 > hν > 1.6 eV and
has been examined in terms of allowed direct tran-
sition from the top of the valance band to the con-
duction band minimum at the centre of the Brillouin
zone using equation of Bardeen et al. [16], which states
that

αhν = A(hν − Egl)
1/2

where A is the constant and ν is the frequency of the
incident light. Fig. 3a shows the spectral variation of
square of absorption coefficient (α) for films deposited
onto KCl substrate of 1 mm thickness kept at different
temperatures. The extrapolation of the linear portion to
αhν = 0, gives the value of the optical band gap (Eg1)
under direct allowed transitions for AgGaTe2 films and
found to lie in the range 1.29–1.32 eV (Table I). The
second hump has been observed in the energy range
1.6 > hν > 2.4 eV with the energy gap Eg2 lies in
the range 1.84–1.90 eV (Fig. 3b) which is due to the
transition from the crystal-field split valance band that
results from the interaction between the valance elec-
trons and the non-cubic crystal field of chalcopyrite

(a)

(b)

Figure 3 Spectral variation of α for AgGaTe2 films deposited at different
temperatures in the photon energy range: (a) 1.2–1.6 eV and (b) 1.6–2.4
eV.

to the conduction band minimum. Also, an increase
in band gap energy with the substrate temperature has
been noticed which may be attributed to the fact that
films deposited at higher substrate temperatures, exhibit
larger grain size and show more ordered structure which
give comparatively less contribution to the absorption
[17].

3.3. Electrical properties
The Arrhenius plots of temperature dependence of elec-
trical conductivity for the AgGaTe2 films deposited on
glass substrates kept at different temperatures, is shown
in Fig. 4. It has been observed that the electrical conduc-
tivity increases with increase in temperature, within the
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Figure 4 Inverse absolute temperature dependence of log of conductiv-
ity of AgGaTe2 films deposited at different temperatures.

experimental temperature range investigated and can be
represented by equation

σ = σ0exp(−Ea/kT )

where Ea is the thermal activation energy. In addition,
the electrical conductivity increases with increase in the
substrate temperature, which can be explained using
Petritz’s barrier model [18]. Observations reveal that
the electrical conductivity of AgGaTe2 films grown on
KCl substrate increases by factor of about 101 as com-
pared to the thermally evaporated films deposited on
glass [19]. The activation energies obtained from the
slopes of these plots have been found to decreases with
the increase in substrate temperature and are listed in
Table I.

The Hall effect studies indicates that AgGaTe2 films
are p-type, thus holes as dominant charge carriers. The
Hall coefficient (RH) has been determined using the
relation [20],

RH = VHd × 102/IHm3C−1

where I is the current in Ampere, H is in Tesla, thick-
ness d is in m and VH in volts. The Hall coefficient
(RH) appears to lie in the range 1.3 × 10−9–3.6 × 10−8

m3C−1. The observations reveal that the films deposited
at 483 K show comparatively higher RH value than
those deposited at 563 K. The temperature dependence
of charge carrier concentration (p) for AgGaTe2 films
with inverse absolute temperature (Fig. 5) indicates that
the carrier concentration increases with increase in tem-
perature. The films show comparatively high carrier
concentration when deposited at higher substrate tem-
perature.

Figure 5 Variation of carrier concentration with inverse absolute tem-
perature for AgGaTe2 films deposited at different temperatures.

Figure 6 Variation of carrier mobility with inverse absolute temperature
for AgGaTe2 films deposited at different temperatures.

The variation of carrier mobility with inverse abso-
lute temperature has been shown in Fig. 6. The mobility
values lie in the range 8.9×10−8–1.2×10−6 m2V−1s−1,
which are comparatively large compared to those re-
ported for AgGaTe2 films prepared by thermal evapora-
tion [19]. Investigations reveal that the carrier mobility
increases with increase in substrate temperature, which
may be attributed to the fact that increase in substrate
temperature increases the grain size and thereby reduc-
ing the interpotential barrier and causes an increase in
overall mobility. Similar results have been observed for
II-VI [21], III-V [22, 23] and I-III-VI2 [15] films.

4. Conclusions
The AgGaTe2 films are crystalline in nature and aver-
age crystallites size of 0.2–0.5 µm is observed in films
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deposited at 563 K. The optical band gap energy of
films lies in the range 1.29–1.90 eV. The substrate tem-
perature (Ts) appears to influence the properties of the
films. The electrical conductivity, carrier concentration
and optical band gap of the films increase with increase
in substrate temperature.
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