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In the present work, copper selenide (Cuz-.Se) thin films were prepared on amorphous glass substrate
by chemical bath deposition (CBD) method at room temperature. Cuz-.Se thin films were further annealed
at 473 K, and the effect of annealing on the physical properties of Cuz_.Se thin films is reported. The
structural properties of as-deposited and annealed films were studied by X-ray diffraction (XRD), and XRD
analysis revealed that both films are polycrystalline in nature, possessing a cubic structure with (111)
preferential orientation. Also, it was observed that the crystallinity of the films increased after annealing.
Scanning electron microscopy (SEM) study confirmed that annealing plays a significant role in the nature of
the surface morphology of Cuz-.Se thin film. A surface topographic study was carried out by atomic force mi-
croscopy (AFM), which indicates that the surface becomes smoother after annealing. A study of the optical
properties from the absorbance spectra revealed that the absorbance in the visible region increases after an-
nealing, resulting in a decrease in the band gap from 2.30 to 2.25 eV. The electrical resistivity of chemically

prepared Cus-.Se thin films is about 19.32 x 10-4 Q.cm, which further decreases after annealing.
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1. INTRODUCTION

In the last few decades, a lot of attention and efforts
were dedicated to the potential use of copper selenide
in many technological applications due to its phase/
stoichiometric dependent structural, optical and elec-
trical properties [1]. Copper selenide has a large num-
ber of applications in various electronic and optoelec-
tronic devices such as super-ionic conductors, optical
filters, thermoelectric converters, absorber layers in
solar cells, field-effect transistors, gas sensing, as anode
material for lithium batteries, photocatalysis etc. [2-4].
Generally, copper selenide crystallizes in many phases
and structural forms: stoichiometric CuSe, a-CuzSe,
CusSez, CuSe2 as well as non-stoichiometric form such
as Cuz-sSe and also in various crystallographic forms:
monoclinic, cubic, tetragonal, hexagonal, orthorhombic
etc. [1, 4]. Among these phases, Cuz-:Se is the most
stable form and might be used as an absorber layer or
as a window layer in thin film solar cells and photoelec-
trodes in PEC solar cells [5-7]. It has p-type electrical
conductivity and not only a direct band gap of 2.2 eV,
but also an indirect band gap of 1.4 eV [7, 8].

Cuz-sSe thin films are produced using various low-
cost chemical techniques including solvothermal meth-
od [1], two electrode electrochemical technique [3],
chemical bath deposition (CBD) [2, 4, 8], and successive
ionic layer adsorption and reaction (SILAR) [9, 10], etc.
But of all, CBD is widely known as a solution growth
technique that offers the most attractive way to deposit
thin films of metals, metal oxide superconducting com-
pounds, metal chalcogenides, etc. [11]. CBD offers an
easy way to dope films with virtually any element in
any proportion by simply dipping it into a solution to be
deposited. A large number of film samples can be
grown in one run. By controlling the growth parame-
ters, one can easily control the film thickness and
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growth rate. It is a low-temperature method, which
avoids the oxidation and corrosion of substrates [12].
Hence, CBD has been found simple and economically
viable as compared to other sophisticated techniques
for the large area deposition. Also, it is obvious that the
physical properties of Cuz-Se thin films can be influ-
enced by heat treatment conditions.

In this work, Cuz-xSe thin films were prepared by
the CBD method, and to obtain high-quality films and
improve their properties, the deposited films were an-
nealed at 473 K. The efect of annealing on the physical
properties of Cuz-xSe thin films was demonstrated.

2. EXPERIMENTAL DETAILS
2.1 Chemical Deposition of Cuz-xSe Thin Films

All chemicals used in the present investigation were
AR grade, and the solutions were prepared in fresh
double distilled water. Cupric chloride dehydrate
(CuCl2.2H20), freshly prepared sodium selenosulfate
(Na2SeS0y), triethanolamine (CéH15NOs), and aqueous
ammonia solution (NH3OH) were used for the chemical
synthesis of Cuz-ixSe thin films. The deposition of
Cuz - xSe thin films on cleaned glass substrates by CBD
was done using a cupric chloride-triethanolamine-
ammonia-sodium selenosulfate system that consists of
complexation of copper cations by triethanolamine and
thereby consecutive reaction with selenium ions. More
specifically, for the deposition of Cuz-xSe thin films we
used reaction bath which contains 18 ml 0.1 M
CuCl2.2H20, 10 ml of 0.1 M CeH15NOs, 10 ml of freshly
prepared solution of Na2SeSOs in 100 ml beaker, and to
maintain the pH of the solution, aqueous ammonia
solution was added proportionally in the reaction bath.
Double distilled water was then added to the reaction
bath to make the volume to 50 ml. By controlling
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pH ~ 10, films of Cuz-.Se can be obtained on glass
substrates. Well-cleaned glass substrates were then
immersed vertically into the deposition bath against
the wall of the beaker containing the reaction mixture.
The deposition was allowed to proceed at room temper-
ature for 6 h. After deposition, glass microslides were
taken out from the bath, washed with de-ionized water
and dried in air. The resulting films were homogenous,
adherent well to the glass substrate, and a reddish-
brown thin film was formed on the substrate. The as-
deposited films of Cuz-.Se were further annealed at
473 K and studied for various properties.

2.2 Characterization of Cuz-.Se Thin Films

Thin films of Cuz-.Se were characterized for struc-
tural, compositional, surface morphological, optical and
electrical properties. Film thickness measurement of
Cuz-«Se material was carried out by weight difference
method. The film thickness was ~ 300 nm for a deposi-
tion time of 6 h. Structural analysis of the films was
made on an X-ray diffractometer (Bruker AXS, D8
Advance, Germany, CuKa radiation at A =1.5406 A) in
the 20 range of 20-60°. The X-ray diffractometer oper-
ated at 40 kV, 100 mA. The surface morphology and
composition were studied by scanning electron micros-
copy (SEM) and energy dispersive analysis by X-rays
(EDAX) using JEOL-JSM 6360, respectively. The films
were first coated with a gold-palladium (Au-Pd) layer of
a thickness of 10 nm using polaron sputter unit, E-5200
assembly before taking SEM for good ohmic contacts.
An atomic force microscopy (AFM) study was done
using Nanoscope IIla provided by Vecco digital instru-
ments. To study the optical characteristics of the film,
absorbance and transmittance spectra were recorded in
the range 400-800 nm by means of an UV-VIS-NIR
spectrophotometer (Perkin Elmer, Lambda 25). Room
temperature resistivity measurement was performed
with I-V characteristics unit (Lab equipment unit mod-
el no. 2004) interfaced with computer.

3. RESULTS AND DISCUSSION
3.1 Structural Analysis

The XRD study was carried out on as-grown and
annealed (at 473 K) Cuz-xSe thin films prepared by the
CBD, as shown in Fig. 1. XRD analysis revealed that
both films are polycrystalline in nature possessing a
cubic structure (JCPDS Card No. 06-0680) for Cuz-xSe
phase. For the as-grown film, diffraction peaks are
observed at a 260 value of ~ 26.6, 44.4 and 52.6°. The
peaks were identified as originated from the (111),
(220) and (311) planes, respectively. No other peaks
were observed besides these, which indicates a single-
phase cubic structure of the films.

Also, it can be noticed that after annealing, no shift
in the peak position was observed, however, the inten-
sity of all peaks increased. These results indicate that
heat treatment increases the crystallite size of Cuz—-.Se
(sharp peaks with less FWHM) and hence reduces the
number of grain boundaries in the polycrystal. This is
in good agreement with the previous results [13].
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Fig. 1 — XRD pattern of the Cuz_.Se thin film as-grown and
annealed at 473 K

3.2 Surface Morphological Analysis

SEM is an excellent tool to study the morphology of
deposited films. Also, the morphology and performance
of semiconductor films are closely related to the deposi-
tion conditions and post-deposition treatment. SEM
images of as-grown and annealed (at 473 K) Cuz-iSe
thin films are shown in Fig. 2. The surface of both films
covers the entire glass substrate. It is observed that the
morphology/structure of the grains changed from cubic
ice to spherical after annealing. This spherical mor-
phology is attractive for semiconductor electrodes used
in photovoltaic device applications [14]. Also, the aver-
age grain size slightly increased from 250 to 270 nm
after annealing. This result is consistent with the ob-
servations of XRD and optical absorption.
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Fig. 2 — SEM images of the Cuz-.Se thin film before (a) and
after (b) annealing (at 473 K)

Also, the surface morphology and roughness of films
were assessed based on AFM measurements. Fig. 3
illustrates two-dimensional (2D) surface morphologies
of as-deposited and annealed Cus-xSe thin film. The
deposit was found to exhibit a compact, void-free, gran-
ular morphology with a grain size of ~ 100 nm for as-
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grown Cusz-.Se thin film. While the average grain size
and RMS roughness of the film calculated from the
AFM image were ~ 200 nm and 10.2 nm, respectively,
for annealed Cuz-.Se thin film suggesting that the
surface becomes smoother after annealing due to a
decrease in voids, grain boundaries, dislocations,
stresses and inhomogeneities [15].
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Fig. 3 — AFM images of the Cuz-.Se thin film before (a) and
after (b) annealing (at 473 K)

3.3 Optical Studies

Optical studies were performed by measuring the
absorbance of as-grown and annealed Cuz-xSe films on
glass substrates in the wavelength range 400-800 nm.
Fig. 4 shows the optical absorption for the as-grown
and annealed Cuz-.Se films. The absorption edge of the
films was observed to shift towards longer wavelengths
after annealing. Optical energy gap values of the as-
grown and annealed Cuz-.Se thin films were obtained
by plotting (ahv)? versus hv, shown in Fig. 5. The direct
band gap value of the as-deposited film decreased from
2.30 to 2.25 eV after annealing at 473 K, which is in
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Fig. 4 — Variation of optical absorbance (at) with wavelength
() for Cuz_.Se thin film
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Fig. 5 — Typical plot of (ahv)? against hv of Cus-.Se thin film
before and after annealing (at 473 K)

good agreement with the results reported earlier by
other authors [16]. The larger band gap values in the
as-deposited samples compared with those of annealed
samples are attributed to the smaller grain size in the
former [17]. Improvement of the crystalline nature and
decrease in the optical band gap are important physical
properties that are useful for both photoelectrochemical
cells and solar cell applications [18].

3.4 Electrical Studies

The dark electrical resistivity of as-deposited and
annealed Cuz-Se films was measured at room tempera-
ture. Fig. 6 shows the I-V plot for as-deposited and an-
nealed Cuz-.Se thin film. It was found that the room
temperature electrical resistivity of the film was
19.32 x 10-* Q-cm which then decreased to 13.79 x 10-4
Q-cm after annealing at 473 K. Heat treatments reduces
the number of grain boundaries (improvement in grain
size) within the Cuz-xSe polycrystal which is responsible
for decrease in electrical resistivity after annealing.
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Fig. 6 — I-V plot for as-deposited and annealed Cuz-.Se thin
film

4. CONCLUSIONS

In this study, the effect of annealing on the structur-
al, morphological, optical, and electrical properties of
Cuz_xSe films deposited by CBD method has been in-
vestigated. The structural investigation showed that as-
grown and annealed Cusz-Se thin films are polycrystal-
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line in nature with a cubic structure and their crystal-
linity increases after annealing. SEM study showed that
sample annealing improved the surface morphology.
Surface analysis performed using AFM showed that
much larger particles were formed in the annealed film
compared to the as-grown sample. Optical study re-
vealed that the direct band gap shifts to lower energies
as a result of annealing of the films. The room tempera-
ture electrical resistivity of the films decreased from
19.32 x 10-% to 13.79 x 10-4 Q-cm after annealing due
to the improvement of the film crystallinity.
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Bonue Bignany Ha ¢isuuni B1acTuBocTi XiMmiuHO BUrororienux mwriBok Cuz - xSe

S.R. Gosavi

Material Research Laboratory, C.H.C. Arts, S.G.P. Commerce, and B.B.J.P. Science College, Taloda,
Dist. Nandurbar-425413, (M.S.), India

¥ pob6ori Torkl mwaiBku ceneriay mim (CuzxSe) Oysim BUTOTOBJIEH] HA IMIKJIAIN 3 aMOPQHOTO CKJIa Me-
ToIOM XIMiuHOTO ocapkeHHs v BauHl (CBD) mpu kimuaTHi#! Temmepatypi. Touki mwriskn Cuz.xSe Oysu moma-
TKOBO BigmaseHi npu 473 K, 1 My moBitoMIIsieM po BIUIMB Bigmasty Ha (i3MYHI BJIACTHBOCTI TOHKUX ILTIBOK
CuzxSe. CTpyKTypHI BJIACTHBOCTI OCAPKEHUX 1 BIIIAJEHNUX TLIIBOK JOC/IIKYBAJIH 34 JOTIOMOI0I0 PEHTIeHIB-
corol qudpaxriii (XRD), 1 XRD-awasmia mokasas, 1mo 00MABI IJIIBKY € MOJIKPUCTATIYHUMEA 38 CBOEI ITPHUPO-
1010, MAIOTh KyOIUHY CTPYKTYPY 3 mepeBaskHowo opierTarieo (1 1 1). Kpim Toro, 6yJio momiueHo, 1o Kpucra-
JIIYHICTh IUTIBOK 3pocJia Iiciis Bimmasry. JlocmimxeHHA CKaHy040l eJIeKTpoHHoI Mikpockomii (SEM) miareep-
JIWJIO0, III0 BIAIAJI BiJirpae sHAYHY POJIb y mpUpoml Mopdosiorii moBepxHi ToHKoI wiiBku Cus.xSe. Tomorpadi-
YHe JOCJIIIKeHHS IIOBEPXHi 0yJI0 IPOBeAeHo 3a JOIOMOT0I0 aTOMHO-CHIIOBOI Mikpockormii (AFM), ake Braaye
Ha Te, 1[0 TOBEPXHS CcTae OLIBII MIaJKO00 mmicis Biguamsy. J{ocaiakeHHs ONTHYHUX BJIACTUBOCTEN 32 CIIEKT-
paMu MOTJIMHAHHS IIOKA3aJI0, IO MOTJIMHAHHA Y BUAUMIN 00JIacTi 30LIBIMYeThCA IMIC/IS BiAmaIy, M0 IIPHUa3-
BOIWTH [I0 3MEHIIIeHHS 3a00poHeHol 3oHu 3 2,30 mo 2,25 eB. IIutomuit eleKTprUYHAM Omip XIMIYHO BUTOTOB-
seHux TOHKUX WIBOK Cuz.Se cranoBuTh npubimsso 19,32x10-4 Om ¢M, SKUH 111e Oi/IbIlle 3MEeHIILyeThCS Ti-

CJIST BITAJTY.

Kmiouori ciosa: Touxki mmisku, Bimman, Penrrenisecbka mudpaxrinis, Atomuo-cuioBa Mikpockomis, Y®-

CIIEKTPH IIOTJIMHAHHI.

04019-4


https://doi.org/10.1016/j.jcrysgro.2010.06.014
https://doi.org/10.1016/j.jcrysgro.2010.06.014
https://doi.org/10.1016/j.jssc.2016.04.026
https://doi.org/10.1016/j.apsusc.2016.02.020
https://doi.org/10.1016/j.apsusc.2016.02.020
https://doi.org/10.1016/j.jcrysgro.2005.01.111
https://doi.org/10.1016/j.jcrysgro.2005.01.111
https://doi.org/10.1063/1.95773
https://doi.org/10.1063/1.95773
https://doi.org/10.1007/BF02868284
https://doi.org/10.1007/BF02868284
https://doi.org/10.1016/j.apsusc.2006.04.012
https://doi.org/10.1016/S0254-0584(02)00306-1
https://doi.org/10.1016/j.matlet.2015.12.030
https://doi.org/10.1016/S0169-4332(03)00046-1
https://doi.org/10.1016/j.cap.2010.07.007
https://doi.org/10.1016/S0254-0584(00)00217-0
https://doi.org/10.1016/S0022-0248(99)00040-8
https://doi.org/10.1016/S0022-0248(99)00040-8
https://doi.org/10.1016/S0013-4686(99)00010-9
https://doi.org/10.1016/j.jmmm.2006.12.005
https://doi.org/10.1016/j.jmmm.2006.12.005
https://doi.org/10.1016/j.apsusc.2004.05.208
https://doi.org/10.1088/0268-1242/12/5/020
https://doi.org/10.1088/0268-1242/12/5/020
https://doi.org/10.1088/0022-3727/41/16/165502

