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Highly photosensitive thin films of the Cu3In5S9 compound were obtained by the method of instantaneous thermal 

evaporation of a substance in vacuum. Impurity photoconductivity and an impurity absorption band with a maximum at          
1,15 eV were detected. It is assumed that the high concentration of impurity electronic states is due to the presence in the films 
of a high concentration of cation and anion vacancies in the structure of the crystal lattice. 
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INTRODUCTION 

 
The scientific literature provides data on the 

existence in the Cu-In-S ternary system of ternary 
semiconductor phases CuInS2, CuIn11S17, CuIn5S8, 
Cu3In2S6 and Cu3In5S9, which have relatively close 
melting temperatures and a narrow region of 
homogeneity in the phase diagram [1]. Studies of the 
physical properties of these phases have shown their 
features that are of practical interest in the fields of 
photonics, optics, optoelectronics and photocatalysis 
[2-6]. The production of Cu-In-S thin films by spray 
pyrolysis [7] showed that the composition of the 
deposited thin film predominantly corresponds to the 
chemical formula Cu3In5S9. The semiconductor 
compound Cu3In5S9 is formed in a quasi-binary system 
according to the reaction formula  

 
3Cu2S + 5In2S3 →2 Cu3In5S9 

 
Crystals of the In2S3 compound are defective 

crystals and, depending on temperature, have α-, β- and 
γ-phase states. The crystal structure refers to a spinel 
structure in which cation vacancies are randomly 
arranged in octahedral or octahedral and tetrahedral 
positions. The CuIn5S8 compound also crystallizes in a 
spinel structure and has 25% vacancy in the cation 
sublattice and is classified as a defect crystal. 

It was shown in [8] that the compound Cu3In5Te9, 
isostructural to Cu3In5S9, also has 11.6% vacancies in 
the cation sublattice of the crystal structure. The 
Cu3In5S9 compound crystallizes in a monoclinic 
structure with cell parameters a = 0,660 nm, b = 0,691 
nm and c = 0,812 nm and β = 890 [8]. Cu3In5S9 single 
crystals are brittle and easily break off mechanically 
along the crystallographic c axis, forming a mirror-
smooth surface. 
 
 
 

PREPARATION AND EXPERIMENTAL 
PROCEDURE 
 

The Cu3In5S9 compound was synthesized in an 
evacuated quartz ampoule with a conical end, by direct 
melting of individual components taken in 
stoichiometric ratios. The synthesis of a charge with a 
total weight of 20 g was carried out in a horizontal 
position of the ampoule. Therefore, the substance was 
evenly distributed along the length of the ampoule and 
had a homogeneous large-block composition. Thin 
films of Cu3In5S9 were obtained by thermal evaporation 
of a grain of crystal dust in a vacuum chamber. The 
synthesized substance was crushed into dust particles 
with an average size of 100 mkm and poured into a 
hopper equipped with a special device capable of 
controlled delivery of the substance into a glass ceramic 
crucible. After filling, the chamber was pumped out to 
10-5 mm Hg. Art. and the crucible was heated to 
1240°C. Dust particles entering the crucible instantly 
evaporated without contacting the walls of the crucible. 
High-quality glass-ceramic was used as a substrate. 

The photoconductivity of thin films was measured 
in a stationary mode by irradiating the sample with light 
from a halogen lamp. A diffraction monochromator 
with double dispersion was used as a monochromator. 
Photoluminescence of thin films was studied under the 
influence of second harmonic radiation (532 nm) of a 
pulsed Nd:YAG laser. The duration and power of the 
light pulse were 12 ns and 0,4 MW, respectively. 

 
EXPERIMENTAL RESULTS AND DISCUSSIONS 

 
Thin films of Cu3In5S9 obtained by the above 

method had high photosensitivity. The ratio of the dark 
resistance of the film to the resistance illuminated with 
white light of 200 Lux of a sample with a thickness of 
0,5 mm was ≥102 times. 

In Figure 1 shows the photocurrent spectra of a 
Cu3In5S9 thin film at temperatures of 100 K (1) and 
300K (2), calculated per unit photon. Photocurrent 
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spectrums cover a fairly wide range of radiation 
energies (0,9...3,3 eV). Taking into account the data 
from [8], the long-wavelength edge of the spectrum in 
the range of 0,9...1,5 eV is formed by impurity 
photoconductivity, since the band gap of the Cu3In5S9 
crystal is 1,62 eV at 15 K. The maximum 
photosensitivity of thin films is achieved at about 2 eV 

photon energy. With an increase in temperature from 
100 K to 300 K, the maximum of the spectrum 
increases almost 3 times. Considering that the spectra 
of a thin film covers a significant part of the solar 
radiation spectrum on the Earth's surface, we can 
recommend Cu3In5S9 films as the active substance of a 
solar cell. 

 

 
 

Fig. 1. Photocurrent spectra of a Cu3In5S9 thin film at temperatures of 100 K (1) and 300 K (2). 
 

 
Fig. 2. Cu3In5S9 spectra of the absorption coefficient of the thin layer. 

The absorption coefficient spectra of Cu3In5S9 
thin films are in agreement with the photocurrent 
spectrum (Fig. 2). Impurity absorption in the absorption 
coefficient spectrum of a thin film is expressed as an 
absorption band with a maximum of 1,15 eV. The value 
of the impurity absorption maximum is approximately 
two times lower than the intrinsic absorption 
maximum. This means that in a thin film of Cu3In5S9 
there is a huge concentration of impurity states caused 
by cation and anion vacancies of the crystal lattice. 

As a result of various studies, donor levels with 
burial depths ED1=0,017eV, ED2 = 0,28eV, ED3 = 0,76eV 

and an acceptor level with activation energy EA=0,16eV 
were identified in Cu3In5S9 crystals. Therefore energy 

 
∆Е = Еg – (ЕD2 + ЕА) = 1,18 eV            (1) 

 
It turns out that it is close to the maximum of 

impurity absorption and therefore it can be assumed 
that in the crystal there is a large concentration of donor 
and acceptor impurity states, which determine the 
impurity absorption. 

The impurity absorption coefficient is expressed 
by the formula [10]: 
 

К =  256𝜋𝜋е2 ħ|𝑃𝑃𝑣𝑣𝑣𝑣|²𝐸𝐸𝑣𝑣
1
2 

𝑅𝑅𝑐𝑐𝑚𝑚2ħ𝜔𝜔(𝑚𝑚𝑐𝑐𝐸𝐸𝐷𝐷)3/²
 ∑

𝑚𝑚𝑝𝑝

3
2

�1+(𝑚𝑚𝑣𝑣𝐸𝐸𝑣𝑣/𝑚𝑚𝑐𝑐𝐸𝐸𝐷𝐷)�𝑣𝑣 (𝑁𝑁𝐷𝐷 − 𝑛𝑛𝐷𝐷)                            (2) 
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where, (ND-nD) is the concentration of free electronic 
states at donor levels, R is the reflection index, Pvc -is 
the matrix element of the momentum operator,    
Ev=ħω-ED-Eg is the kinetic energy of the electron in the 
valence band. As can be seen in (2), the absorption 
coefficient linearly depends on the concentration of free 

electronic states at donor levels. The comparable values 
of the impurity and intrinsic absorption coefficients 
indicate the presence of a high concentration of donor 
and acceptor electronic states, caused by cationic and 
anionic vacancies of the  
crystal lattice. 

 

 
 

Fig. 3. Photoluminescence spectrum of a Cu3In5S9 thin film excited by a laser pulse. 
 
The photoluminescence spectrum of a Cu3In5S9 

thin film at 300 K is shown in Fig. 3. The spectrum 
covers the region of impurity absorption, and the 
maximum emission is observed at 1,39 eV. Apparently, 

in the recombination of nonequilibrium electrons 
excited by laser radiation, the main role will be played 
by the depleted donor level with a depth of ED2=0,28eV. 
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