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Abstract
Thin films of Copper sulphide were deposited on glass substrates using chemical bath deposition technique at room temperature from
the aqueous solution containing different concentration of copper sulphate between 0.05M and 0.15M. The effects of the copper
concentration of the chemical bath on structural and optical properties of the amorphous thin film were investigated and discussed.
The optical absorption and transmission of the thin films were observed between of 330-1100nm taken at room temperature. The
optical band gaps of the as-synthesized copper sulphide thin film for various concentrations were measured. The surface morphology
has been observed using scanning electron microscopy (SEM) and atomic force microscopy (AFM). The results obtained from AFM
demonstrated that the reflectivity was closely related to the surface roughness of the film. High surface roughness has a strong
scattering effect on light and lowers the reflectivity. X-ray diffraction (XRD) patterns show that crystallinities of the films are

dependent on the copper concentration in the solution.
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1. INTRODUCTION

Nanostructures materials have attracted a great déea
attention in the last few years for their uniquarettteristics

that cannot be obtained from conventional macrdscop

materials. Copper sulphide has complex crystal @teyn
owing to its stability to form stochiometric compuls.
Copper sulphide thin films are very attractive miate for a
wide variety of technological applications sucHexsoelectric
thin films, high-density optical data storage omgmnductors
[1], optoelectronic devices [2], energy storage aadversion
[3], solar cells, gas sensors [4], etc. due tortls&iuctural,
optical and electrical properties [5]. The coppeipkide
exhibits high transmission in the visible regiom absorption
throughout the near IR region (800 -1500nm) [6].als0
exhibits fast ion conduction at higher temperatufidserefore
copper sulphide is suitable for the fabricationsofar cells.
Recent research on solar cells has been aimedvatitg the
fabrication cost to decrease the price of the gnebgained. In
this context, suitable materials should be prepassily, must
show stable behavior over a long period of openatmd
inexpensive. A material is said to be a thin filnmem it is
build up as a thin layer on a substrate by comdoll
condensation of the individual atomic, molecular ionic
species either directly by a physical process ooufh a
chemical/electrochemical reaction. Various methags been
used for deposition of thin films, like vacuum ewagtion,
electro deposition, spray pyrolysis, sputterind,ge method,

molecular beam epitaxy, chemical bath depositioBEZLetc.
Of all these techniques, the CBD method is usedefoosit

over a large surface area, with out the need of any

sophisticated instruments, it is suitable for dépws at low
temperature and inexpensive. CBD is a simple repmibte
and cost effective technique for the preparatiomefal halide
and sulphide thin films on various substrates. Tdidinique is
based on slow controlled precipitation of the dasir
compound from its ions in a reaction bath solutidrigand
or complexing agent acting as a catalyst is usuathployed
to control the reaction in a medium of suitable pHd
concentration to obtain desirable crystalline tHiitms,
otherwise spontaneous reaction will occur thatcaffbe thin
film growth and also sedimentation of materials | wile
resulted. The condition for compound to be depdsitem a
solution bearing its ions is that its ionic prod(i€&) should be
greater than the solubility product (SP). The carplg agent
of a metal in solution forms fairly stable compliexs of the
metal and provides a controlled release of fres Eccording
to an equilibrium reaction. The negative ions reegiifor the
precipitation of the compound are also generatewlgl by

suitable complex compounds bearing those ions. The
deposition technique can be improved by maintaining

parameters like suitable complexing agent, pH, eotration
and temperature. Hitherto number of thin films sashCdSe
[7], In,S; [8], SnS [9], FeS [10], etc are obtained by CBD
technique have also been reported.
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In the literature most studies have been concemran the
effect of various factors such as pH [11], solutiand
substrate temperature [12], annealing temperatu®], [
deposition time [14, 15], molar ratio in the batiusion [16],
the influence of the substrate on the properties thod
chalcogenide thin films [17] etc., on the surfacerpmology,
the optical and structural properties. The pressotk is
focused on the preparation of amorphous Cus$S ttimsfion
the glass substrates by CBD using various copper io
concentrations in the precursor solution and aksanfluence
on structural and optical properties such as alasmd (A),
transmittance (T) reflectance (R) thickness (T) #mel band
gap energy of the films are investigated, whichitkerto not
reported. Comparative study is also made to show the
concentration of the copper ions in the reactioth lzan alter
the nature of the deposited thin film. The surfaw@phology
of the film was studied using SEM and AFM. The stuual
characterization was also carried out using XRD.

2. EXPERIMENTAL

In this work, commercial glass slides were usedusstrates.
Substrate cleaning plays an important role in tgodition of
thin films, because contaminated surface of thestsates
results in the non-uniform film growth due to thecteation
formed by the impurities. Prior to deposition, dultes were
cleaned using detergent, nitric acid and doublélldid water
in an ultra sonicator bath, and finally dried in@aren. Copper
sulphate, thiourea, triethanolamine (TEA) and amiaon
solution of analytical reagent grade were useceasived. The
films were prepared at room temperature for diffie@opper
sulphate concentrations viz. 0.05M, 0.075M, 0.1M,26M
and 0.15M in the chemical bath by keeping all othath
parameters in the precursor solution are as sameaedus
solution of copper sulphate, thiourea and trietfemine were
prepared separately using double distilled watgbreethe
experiment. To the 0.05M CugBH,O solution, exactly 5ml
of 1:1 TEA, 10ml of 1M thiourea and 10ml of 30% aoma
solution were added slowly one after the other witinstant
stirring and final volume is made up to 100ml usitmuble
distiled water. The TEA serves as a complexingnage
chelate with copper ions. The deposition of Culdiis based
on the slow release of €and $ ions in the solution, which
are then condensed on to the glass substrates Tit.
thiourea was used as a source for sulphide ionsaamdonia
solution was added slowly to maintain tHégd the bath at 11.
Previously cleaned glass slides were immersed cadigti in
the bath for 5 hours at lab temperature withoutudiéng the
solution during the deposition. In the same way @S thin
films were fabricated for other concentrations @fSC), such
as 0.075M, 0.1M, 0.125M and 0.15M using other sohg as
indicated in Table-1.

Table-1: Bath constituents for preparation of copper sidgh
(CuS) thin films

Sl | Concentration of TEA | 1M Thiourea 30%
No. CusQ (ml) (ml) Ammonia
(in Molars) solution (ml)
1 0.05 5 10 10
2 0.075 5 10 10
3 0.1 5 10 10
4 0.125 5 10 10
5 0.15 5 10 10

The reaction mechanism for the deposition of (Cth8) film
can be given as follows:
CuSQ.5H,0 + TEA— Cu (TEAF" + (SQ)* + 5H,0

Cu (TEAY" — CU" + TEA

SC (NHy), + OH — CH;N, + H,0 + HS
HS + OH - H,0 + S

C/'+$ — CuS

After completion of film deposition, the substratesre taken
out and washed using double distilled water andd use
analysis.

Scanning Electron Microscopy (SEM) images were iobth
with a Phenom SEM. To determine surface morpholagg
film thickness of the CusS thin films, the samplefaces were
monitored using atomic force microscopy (AFM, PARK
system). The AFM was operated in non contact mode/oid
destruction due to using of a standard silicon Qptical
properties were studied by measuring absorbandbeofilm
using a shimadzu spectrophotometer within the wawngth
range of 330-1100nm. X-ray diffraction (XRD) patterwere
recorded to characterize the structure of the fifims using
Bruker D2 phaser x-ray diffractometer with Cukadiation of
wave lengthX) of 1.5406 A for B values over 12°-90°.

3. RESULTSAND DISCUSSION
3.1 Surface Mor phology of the Thin Film

SEM is a promising technique for the morphologytlaiih
films. It gives as important information regardimggowth,
shape and size of the patrticles. In the preserk e copper
precursor solution prepared for the developmenthif film
by CBD method, as reported elsewhere [19]. The filay
also be obtained by using the acidic bath solutivaintained
at pH 1.5 [14]. In this paper, for the first timee made an
attempt by varying the copper concentration tosthe effect
on the CuS thin film. Figurel(a-e) shows the SEM
micrographs for CuS thin film obtained for diffeten
concentrations of copper ions in the solution bdthis
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observed from the Fig 1c that the grains in then fiire
relatively good, compact, homogeneous and uniformly
covered at 0.1M concentration. Here, an attempbasle for
the first time to fix the concentration of copper the bath
solution to get a uniform, crystalline thin film &uS which is
hitherto not reported. The deposition is carrietl auvarious
concentrations of copper as mentioned above bytaiaing
the pH at 11. At lower concentration the grains \aeey far
and as the concentration increases the partickesclasely
packed. At 0.1 M the film is uniformly covered asthble.
Above 0.1 M the film is not homogeneous and unifocnacks
were observed and the film is peeling off, hencgtaivle. This
maximum concentration at which the film obtainedsiable
and above which it is unstable, was termed ascatiti
concentration.

b) 0.075M

€) 0.15M

Fig-1(a-€): SEM images of CusS thin film on glass substrate at
different C3* ion concentration
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3.2 Surface studies by Atomic For ce Microscopy: rougher surface. However, for the films depositsthg 0.15

M is highly irregular, agglomerated and unstabléhvgurface
roughness and thickness is 114.31 nm and 110nm
respectively. We have observed that the surfacghmess
depends on concentration of copper ions in the balfition

and the surface roughness is unavoidable due tee-thr
dimensional growth of the films.

An atomic force microscope (AFM) was used to sttildy
surface nanostructure of the CuS thin film depdsita the
glass substrate. This technique is capable of mapttiree-
dimensional images of the surface of CuS thin filnksgures
2(a-e) shows AFM micrographs of the CuS thin films
deposited at various concentrations from 0.05M 5Bl
From the obtained AFM image the thickness and sarfa
roughness of the film were investigated. At lower
concentration <0.1M, the surface coverage was ipbet®
and particles are not grown completely on the serfaf the

Table-2: Thickness and Surface roughness of amorphous CuS
thin films deposited at various copper ion concaian

substrate as shown in Fig. 2a and 2b. This may uee td conl\(:l:ri?rration Thickness| Roughness
insufficient amount of sulphide ion and TEA soutoeform of CuUSO4 Innm innm
Cus thin film on substrate while depositing. Theakition on 0.05 130 55 88
a substrate mainly depends on the formation of eaticin ) 675 150 91'75
sites and subsequent growth of the thin films fittwn centre. 0 1 550 30 '25
Hence, irregular shaped grains with different sizae ' ’
observed on the surface of the film. Further inseemn the 0.125 220 46.72
Cu*? ion concentration to 0.1M shows complete coverage 0.15 110 114.31

the film over the substrate compared to the filmsppred at
lower concentration. The surface is relatively anii and
particle agglomerations are avoided. The grainssiaere
almost similar to each other without any cracks emasists of
spherical particles which are well adhered to thbstate.
Thickness of the film was found to be 250nm. Howetlee
films deposited at 0.125M and 0.15M is highly iwé&g and
agglomerated with high surface roughness.

Fig. 3 shows the variation in the film thickness vesll as
surface roughness of the as-deposited amorphoustiioS
films as a function of the Copper ion concentraiiothe bath
solution. We find that the film thickness increasesarly
linearly from 130 nm to 250 nm with the increasetle
concentration of copper ions from 0.05M to 0.1M (€ig 3).
Depositions with concentrations above 0.1M resutg
decrease in thickness, may be due to the formatfoouter
porous layer may have developed stress which tendause
delamination, resulting peeling off the film [2MHurther, due
to the competition of heterogeneous nucleation be t
substrate and homogeneous nucleation in the sojutiould
alter the growth of the thin film [21]. The surfag®rphology
of the film deposited at 0.1M is quite uniform ameell
covered on the substrate when compare with tharmroth
concentrations.

Root mean square (RMS) roughness defined as theasth
deviation of the surface height profile from theeege height,

is the most commonly reported measurement of seirfac
roughness [22]. The surface roughness values 25188
114.31nm were observed for the films prepared uiG§M
and 0.15M respectively, indicating that the surfemeghness
increases with increasing concentration of coppas iin the b) 0.075M
bath. According to the data obtained for surfaacgghmess as

indicated in Table 2, the films deposited for 0.0%Mve a

smoother surface while the films prepared for 0.1b&e a
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3.3 Optical Properties

Optical behavior of amorphous CuS thin film depeditat
various concentrations is determined by its absuwba
transmittance, reflectance and optical constaat,the band
gap values. The absorption spectrums of the degubéiims
are as shown in fig. 4. An absorption edge cornedpdo an
electron excited by a photon of known energy, wbgre
electron can jump from a lower energy to a higheergy
state. The absorption spectrum of CuS thin filmsrewe
recorded in the wave length region ranging from 380
1100nm. The absorption edge is between 450nm tor656r
all the thin films deposited. It was observed thatabsorption
edge of the films shifts to a longer wave lengttlesas the
concentration increases, which suggests a deciedse band
d) 0.125M gap value. The decrease in band gap value fromM.fth
0.1M is very less. Similar results are also obsgrire the
literature [23, 11]. Due to surface resistance, noiformity
and instability of the thin film, the absorptionespra at 0.15M
is not obtained properly.
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144 \
124

1.0 %
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0.6 4

0.4+

0.2 7

0.0 T T T T T T T 1
e) O 15M 400 500 600 700 800 900 1000 1100

Wavelength in nm

Fig-2(a-€): AFM images of CusS thin film on glass substrate at
Cu*" different concentration Fig -4: Absorbance spectra of amorphous CusS thin films at
different C&* concentrations

Volume: 02 Issue: 11 | Nov-2013, Available @ http://www.ijret.org 231




IJRET: International Journal of Research in Engineering and Technology el SSN: 2319-1163 | pl SSN: 2321-7308

Figure 5 shows the transmittance spectra as aifumcf

wavelength of the CuS thin films deposited at wuasio
concentrations of copper ions in the chemical batbhm the

observed data, it is seen that the average tragiemi$T) in

the visible region is about 50-70% at the waveleregbund

650nm, which is more than transmittance values rtego
elsewhere [11]. It is also seen from the fig. 5tthize

transmittance decreases in the near infrared (NMé&g)on,

where as reflectance (R) increases (fig.6). Thestrassion

and reflectance spectra obtained at 0.15M are radsalear

may be for the same reason as mentioned above.

T T T T T T T T T T T T T T T 1
400 500 600 700 800 900 1000 1100
wavelength in nm

Fig-5: Transmittance spectra of amorphous Cus thin films

204
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/

T T T T T T T T T T T T T T T 1
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Fig-6: Reflectance spectra of amorphous CusS thin films

The optical band gap {JFof the prepared CuS was calculated
by using the relation [24, 25]:

(ahv) =a (v - )" @)

Wherea is the optical absorption coefficient, ‘a’ is anstant
and n depends on transition type. The value & obtained
from the following relation [26].

@ =2.303 A/t ©)

Where A is the absorbance and t is the thicknegheofilm.
The @hv)? is plotted as a function of photon enetby) is
shown in fig.7. It varies almost linearly with pbat energy
above the band gap energy (Eg). Thus, the equatisrused
for the determination direct inter band transmisdi®7]. The
linear extrapolation of this curve to the energisajives the
value of band gap.
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Fig- 7: (ohv)? verses h plot of amorphus Cus thin films at
different CU? concentrations
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Table-3: band gap CusS thin films at different €u

concentrations
Molar
Concentration of| Thickness in nm feV)
copper ions
0.05 130 2.78
0.075 150 2.68
0.1 250 2.67
0.125 220 2.49
0.15 110 2.00

As shown the table-3, the obtained thin film ativas
concentration exhibits a linear dependencabf)¢ on (hv) in
the band gap range 2.0-2.78eV. The fig.8 shows/aniation
in the band gap of the CuS thin films as a functadrthe
various copper sulphate concentration in the chalnhiaths. It
is observed that indirect band gap varies from27/@eV. The
optical band gap values obtained for CusS thin fibms lower
than the values reported elsewhere [11]. The baad ¢
energies of highly crystalline films are similar ¢oystalline
bulk materials, whereas in amorphous films Eg &laee
higher than those corresponding bulk materials.

3.4 Structural Properties

X-ray diffraction is a powerful non-destructive rhetl for
characterization, by which, the crystal structgmin size and
orientation factor can be determined. The struttura
identifications of amorphous CusS thin films wererizl out
with Bruker XRD D model. The XRD patterns were
recorded from 12°- 90° @. The XRD spectrum of the CuS
thin film deposited at various concentrations aseslaown in

the fig 8. It is observed that, the structural pnies of the
thin films deposited were not affected by the conicion up
to 0.1M of copper ions in the chemical bath. Furtitaés clear
from the figure that as the concentration increagbs
crystalline nature of the film also increases.
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Fig.-9: XRD spectrum of amorphous CusS thin films at vasiou
CU** concentrations

CONCLUSIONS

A simple and convenient CBD method was employed| an
successfully deposited amorphous CuS thin film on
commercial glass at various concentrations of copu®s in
the chemical bath. The effect of the concentration the
optical properties and surface morphology of thiaioled thin
films were studied. The surface morphology by SEMeals
that 0.1M is the best concentration to get an umifthin film

of amorphous CuS, at which the film is homogenewith
uniform grain size and closely packed particlesrdke entire
substrate area without any cracks. The obtained XRfern
shows the amorphous nature of the film. At higher
concentrations it shows that the thin films arestadline in
nature and up to 0.1M copper ions concentratiodpés not
affect much on the film structure. However, thereleteristic
UV-VIS spectrum data of the deposited film dematstt
that the bath concentration value will affect thptical
properties of the as-deposited CuS thin films. Cybti
transition was found to increase from 50% - 70%hmvisible
region, as the concentration is increased. Addilgn the
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optical reflection of the film varied from ~7 to @0in the [14]
visible range respectively. It was found that thdiriect band

gap varies from to 2 to 2.78 eV due to the depmsiti [15]
conditions and concentration of the copper ionghie bath
solution. The AFM measurements have shown that the CuS [16]
thin film has high roughness at higher concentratiérom all

the above analysis it was found that, the film cied at [17]
0.1M copper concentration showed the best optimum [18]
concentration for the preparation of the amorphbirsfilm of [19]
CusS because of uniform surface coverage, highesrptisn

and minimum reflectance characteristics when coetgpdo [20]
the films deposited at other concentrations. Thessuilts [21]
matched well with the information obtained from XRBEM,

AFM and optical properties. [22]
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