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Abstract: Culngn,1Ssni2 (Where n =0, 1, 2, 3 and 5) thin films were deposited at different satlestemperatures (30, 75, 100, 150
and 200°C) by vacuum evaporation. The films were characterized for theirtstalgproperties by using X-ray diffraction (XRD).
From the XRD data, we calculated the grain size, the lattice strain, the latticegt@ra and the dislocation density for the preferential
orientation ofCul nan1S3012 thin films. The effect of the substrate temperature on the structurabdigs quality of the films was
also investigated.
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1 Introduction compounds is due to the ordering of the neutral defect
pairs (/g -1 + Inge+) and (Lu,-2 + Inge+) in the
The ternary compoun@uln$; has attracted attention as a CulnS, phase and this is due to its huge tolerance to
promising material for photovoltaic applications, due to off-stoichiometry. [L1]. Several studies on structural
its optimum direct band gap of 1.5 eV and its high properties of theCu — I1lpn1 — Vlan, 2 materials have
absorption coefficient. He also contains non-toxic peen reportedl]2,13,14,15,16], where growth conditions
constituents making it suitable for green processing inand thermal treatment affected the structural properfies o
solar cell fabrication ,2] . The efficiency of the solar the films.In the present study, we have investigated the
cells made with the two-step electrodeposition and rapideffect the substrate temperature on the structural
thermal processing RTP low-cost process reaches 11 %roperties of thermally evaporate@ul non;1Ssn;2 thin

by Broussillou etl. in 2011 B] and it rose to 12.8 % by  films through their XRD spectra and effect.
Klenk et al. [4]. Culn& belongs to the

| — 12011 — Vg2 ternary materials which are receiving

a great deal of attention as cand_id_ate materials for Culnyn;1Ssn 2 Materials

visible-light and IR emitters, high-efficiency solar cells

and other semiconductor and quantum-electronic device€ulny,1Ssn 12 Materials are some of the indium-rich
[5]. Rud et al. [6] studied Culng, 1Sesn.2 compounds, which exist on the pseudo-binary tie line of
semiconductors with the composition index n = 3, 5 andthe Cu,S - In;S3 system. In-rich films with a sulfur
6, they found that the weak dependence of the parametermeficiency are dominated by both antisite (In on Cu site)
of the bands spectrum and unit cell of thesedonor defects and S vacancies (also donors), yielding
semiconductors at i 2 was attributed to the features of highly conductive n-type layerdf]. We have shown in a
the interatomic interaction in such phases. It wasprevious paper]§] that the peak due to the (112) plane
concluded thatCulnyn1Se3q.2 semiconductors can be has the highest intensity for théulnS, and CulnzS
used in broadband photoconverters of optical radiationspowders while the highest intensity foCulnsSg,
Only few research papers described the preparation an@uin;S;1 andCulni1S7 powders is the peak due to the
the characterization &ul nzn. 1S3 2 films where n> 1, (311) plane. The EDX analysis confirmed the chemical
out of which, most of the literature deals wiulnS, (n composition of the powders. X-ray diffraction (XRD)
= 0) films fabricated by physical or chemical deposition showed a tetragonal chalcopyrite type structure for
techniques 1,8,9,10]. The formation ofCulnz,;1Ssn.2 CulnS, andCulnzSs powders with space groulp— 42d
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and P — 42c, respectively. The structure dfulnsSg, structural properties o€ulnan;1Ssn2 thin films. XRD
CulnyS;; andCulng1S7 powders was cubic spinel (space patterns (10 < 26 < 60 °) of Culngn 13042 (Where n =
groupFd3m) [13]. This transition in the crystal structure 0, 1, 2, 3, and 5) films deposited at different substrate
between n = 0 and 1 and n = 2, 3 and 5 in thetemperaturesig = 30, 75, 100, 150 and 20C) are given
Culngn 13042 System can be explained by the migration in Fig. 1. It is clear that the films of all compounds
of a part ofIn®" ions towards octahedral sites when the deposited on non heated substraie € 30 °C) are
indium atoms increase in the structure. Indeed, Itife amorphous in nature. As the substrate temperature
ions can be stabilized in both tetrahedral and octahedraihcreases, the films start to become polycrystalline with a
sites but tend to form bonding with octahedral preferred orientation along the (112) plane, characterist
coordinations and as result the crystal structure changesf chalcopyrite, structure fo€ulnS, and CulnzSs films
from tetragonal to cubic structur&§). and the (311) plane, characteristic of cubic spinel
structure, forCulnsS, Culn;S;; and Culng1S7 films.
XRD patterns of CulnsS;, CulnsS, Culn;S:1 and
i Culn;1S7 films depicts that peaks appearTgt= 75 °C.
3 Experiment Work However,CulnS, films become polycristalline 8 = 100
°C and we note, foCulnS; film deposited at 150C, the

CulMoni1Sni2 thin films were prepared by thermal rgpparition of weak reflections related to (103), (004),

evaporation of crushed powders from a Tungsten boat o
heated and non-heated glass substrates of rectangul

shape (5 x 1.5cn?) under vacuum (16 mbar) using a For CulnSy, films formed at 150 and 200C, two

high vacuum coating unit Alcatel. The substrates were__ .- .
placed directly above the source at a distance of 15 Cmaddmonal peaks related to (400) and (440) reflections are

and were heated by an insulator heater system. Thglearly observed. The substrate temperature plays a key
. role on the enhancement of crystal quality and on the
substrate temperaturels was measured using a

thermocouple embedded in the substrate holdereferential orientation o€ulngni1Seny2 films. Indeed,

underneath the substrates. The glass substrates wethe intensity of - the —preferential orientations of

previously cleaned with washing agents (commercialgamnz””%n+2 thin_films (112 plane forCuln$, and

detergent, acetone, ethanol and deionized water) beforgUI NS f"”.‘s an(_j 311 plane .fOf:UI NsSs, (?ul n7Sy and
uln11S7 films) increases with the the increase of the

being introduced into the vacuum system. The base

pressure of the vacuum system was kept betweer 10 substrate temperature. This improvement of crystallinity
and 106 mbar. The crystalline phase and crystal could be explained by the fact that at higher substrate

: . i . . temperatures, the mobility of the condensing particles on
orientation of the films were examined using a ’ . ;
PANalytical X'Pert X-ray diffractometer  with the substrate surface is more, which favors the

. I B crystallization and the growth of large crystallitesd],
rkn\f)ré%cgrzgnau@uKa radiation @ = 0.154056 nm and 40 similar explanation was reported by Bacaksizakt[20]

who observed an improvement in the crystal structure by
increasing the substrate temperature, and that can be
. ) explained in term of higher ad-atom mobility with
4 Results and Discussions increasing temperatures, which results in the larger grain
size and enhances the crystallinity of the films. We also
There is an agreement between authors that the increasmte that the XRD patterns of all samples do not contain
in the substrate temperature improves the crystallinity ofextra reflections corresponding to the elements or other
thin films and causes the transition from amorphous tosecondary phases, which confirms the homogeneity of the
polycrystalline structure 14,15,16]. X-ray diffraction Culnzn1Ssn2 films.
(XRD) is the suitable tool to reveal the changes in the  To obtain detailed information about the structural
structural properties of thin films. For polycrystalline properties, the grain size, dislocation density, straid an
films, the variations of the intensity of the peaks and theirlattice parameters for preferential orientations were
width at half maximum (FWHM) with substrate calculated using the XRD patterns &ulno, . 1Ssnhi2
temperature are evidences on the changes in grain siz@ms. The lattice parameters a and ¢ G0InS; and
and lattice strain. The decrease in FWHM means that th&€uln3S; were determined from the analysis of the XRD
grain size had increased. The shifts of the positions of thgatterns and were estimated by using Equation (1)
peaks refer to the changes in the lattice spacing and thevhereas Equation (2) was used to calculate the lattice
lattice parameters. The appearance of some lines angdarameter a afulnsSs, Culn;S; 1 andCulng1S7 [21].
disappearance of others with substrate temperature may 1 ek 12

2r00) and (204). Afls = 200 °C, these peaks disappear
nd new peaks related to (213), (312) and (224) appeatr.

mean a phase transition and / or the appearance or S=—+= (1)
disappearance of other phases of the compounds under d a C

study or the presence of some elements. In the present 1 RiKkkil2

work, different experimental results will be discussed to == )
show the effects of the substrate temperature on the d a
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Fig. 1: The X-ray diffraction patterns @@ul no,11Ss+-2 thin films deposited at different substrate temperatures.
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In these equation$, k andl| are the miller indices and might form a joint structure in the case for which the total
dha is the crystalline plane distance for indicelskl] free energy is reduced by the formation of an interface.

determined using Bragg's equation: Thin films (thermally evaporated) which we produce are a
consequence of kinetic restraint®4]. In the case for
2dsin6 = A 3) which some mobility of the ad-atoms is possible,

competitive grain growth occur9)]. In thin film growth,
we can influence the kinetics by temperature. The
mobility of the ad-atoms is influenced by this factor and
so the mobility of grain boundaries. We also note that
tul nS films have the biggest crystallite size in
comparison to those of other material films, which
confirms that theCulnS, has a crystalline quality higher
than those of the other compounds.
0.9\ The strain in thin films originates from the difference
=~ Bcosd (4)  in the thermal expansion coefficients of the deposited
material and the substrate and the stoichiometric
where A is the wavelength o€uK, radiation, B is the ~ deviations which depends on the deposition conditions.
values of the full width at half maximum (FWHM) of the The values of the lattice straia of Culnzn;1S3n+2 thin
peak with maximum intensity (112 peak féulnS, and  films were calculated using Williamson-Hall formula
CulnsSs films and 311 peak fo€ulnsSs, Culn;S;; and  [26):

where A is the wavelength of the radiation, aédis the
diffraction angle. The calculated values of the lattice
parameters of all samples were collected in Tdble

The effect of the substrate temperature on the grai
sizeD of Culnyn1Ssn+2 thin films was also investigated.
Grain size can be simply determined using the
Debye-Scherrer formulep]:

Culn;1S7 films) and 6 is the diffraction angle of the £— B (5)
peak. The variation of grain size with the substrate 4tan6
temperature is shown in Fig. where®@ is the diffraction angle anf} is the values of the

full width at half maximum (FWHM) of the (112) and
(311) peaks, respectively.
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Fig. 2: Grain size ofCulngn1Ssny2 thin films deposited at
different substrate temperatures.

Fig. 3: Lattice strain ofCul nyn.1Sn2 thin films deposited at
different substrate temperatures.

As is seen, the grain size @@ulnyn,1Ssn42 films
increases with the increase ®f This increase could be
attributed to the improvement in the mobility of surface Fig. 3 shows the variation ot with the substrate
ad-atoms and an increase in the cluster formation leadingemperature, which indicated a reduction in the strain
to agglomeration of small grains 23]. Indeed, with the increase of substrate temperature. The change of
thermodynamically, the film material would prefer to be D and e with Ts suggest that lower the lattice strain,
compact, bounded by low index planes. The same hold$igher will be the grain size. This implies that lattice
for the substrate. Together, the film and the substratestrain in thin films restricts the growth of grains in films
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because tensile strain is generated at the grain boundari 10°
by shrinking the distance between adjacent graiti§. [ . CulnS
Since grain size increases with substrate temperature, tr e Culn ;
number of grains will be decreased. This decrease may b 1075 L
the main agent for the decrease of the lattice averag: -_ § Culng,
strain. E v CulnS
o 1075 Culn, S,
Table 1. Lattice parameters @ulnyn;1Ssn2 (N =0, 1, 2, 3and '; 10° 4 v\
5) thin films at different substrate temperature. 2
75°C 100°C 150°C 200°C = ey .
o =) -4 —
Culns, a(A) - 5.55 5.53 5.55 1073 : M
c(A) - 1111 1106  11.11 Tt
CulngSs a(A) 554 556 551 5.49 10° : i : i : i :
C(A) 11.08 11.13 11.03 10.99 60 80 100 120 140 160 180 200 220
CulnsSs a(A) 1064 10.60 10.60  10.64 Substrate temperature (°C)
Culn;S;;  a(A) 1066 10.66 10.66  10.68
Culnyi;S7 a(A) 1059 1060 10.61  10.68

Fig. 4: Dislocation density of Culngn;1Sgni2 thin films
deposited at different substrate temperatures.

From the values of grain sizB, we also calculated
the average dislocation density GUlnz,+1Sgn+2 films
elaborated at different substrate temperatures using ttheferences
following formula [28]:
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