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Abstract

Thin films of copper sulfide (CuS) with various molarities values of Cu concentrations
(0.2,0.3,0.4)M have been prepared by Chemical Bath Deposition Technique on glass slides
substrate at room temperature . The prepared films with different ion concentrations were
annealed in air at constant temperature 400 °C and constant time (180) min .Structural and
optical properties of CusS thin films were investigated and analyzed extensively before and
after annealing . The structure of the prepared films has been found with amorphous structure
at different Cu ion concentrations , annealed CusS films also showed amorphous structure. The
optical properties of CuS thin films has been studied by transmittance and absorbance spectral
in the range of wave length (190-1100)nm by using UV- Vis. spectrophotometer.
Transmittance decreased with increasing the Cu ion concentrations of CuS films, also the
transmittance increased with annealing process for (CuS) thin films. The fundamental
absorption edge of (CuS) thin films shifted to word the lowest photon energies with increasing
the Cu ions concentrations before and after annealing. From the absorption coefficient values
which calculated from the absorbance spectrum which is larger than 10cm™ gives an indicate
that CusS films were direct semiconductors and the electronic transition was a direct transition.
The optical energy gap values of CusS thin films for allowed direct transition found vary in
the range between (2.433-2.526) eV with (0.2- 0.4 M) Cu ions concentration and in the range
of (2.416-2.349) eV for the same concentrations after annealing. The optical constant such as
reflectance ( R ), absorption coefficient (a), refractive index (n) and extinction coefficient (K)
were evaluated and analyzed .
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Introduction:

Copper sulfide is an  important
semiconductor material and has received a
great deal of attention due to its unique
physical and  chemical properties
.Transparent conducting materials TCMs
are widely used as electrodes in solar cells,
flat-panel displays, light emitting diodes,
defrosting windows, and other
optoelectronics. Commercialized TCMs,
such as In203:Sn ITO_, SnOx:F _FTO_,
ZnO:Al, etc., behave n-type conduction. In
contrary, the overall transparent conducting
properties of p-type TCMs are still
unsatisfactory = The  room-temperature
conductivities of these compounds are in
the order of 10! S cm™, far below the n-
type ITO __10° S cm™. In order to obtain a
high optical transmittance in the visible-
light range, the main effort was to explore
new wideband gap compounds with Eg 3.1
eV. Zinc oxides doped with univalent metal
or nitrogen/phosphor have a good
transmittance, but the major drawback is
the unstable p-type conduction. However, a
wide band gap may not be a necessary
requirement for TCMs in certain
applications. Human eyes are most
sensitive to the wavelength of 560 nm 2.21
eV, and most of dye-sensitized solar cells
DSSCs have highest quantum efficiencies
at 500-600 nm. Therefore, by reducing the
film thickness and accordingly the total
absorption, semiconductors with narrow
band gaps could also be candidates for
TCMslY,

The properties of CuS thin films are
affected by accurate stoichometry, which
depends on preparative conditions used for
the thin film deposition. CuS thin films
have recently received considerable
attention due to numerous technological
applications. It has been used in
photovoltaic application, such as Cu2S/
CdS solar cell which demonstrated an
efficiency of around 10% [?.The active
layer in these cells is the chalcocite ( Cu.S
) film such as Cdi.yZny S/ CuzS cell B, In
the photothermal conversion of solar
energy (as solar absorber coating) as in
selective radiation filters on architectural
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windows (for solar control in Warm
climates in electro conductive coatings),
deposited on organic polymers .The most
striking benefit obtained by utilizing CuxS
as sensor material is the low operating
temperature for sensor application 1.

2. Experimental:

Microscope glass slides were used as the
substrate during the deposition process. The
substrates were first cleaned in HCL
solution and distilled water. Substrates were
then dried in air. Aqueous solutions of
copper sulfate, thiourea , Triethanolamine
TEA, ammonia and distilled water
separately prepared before experiment. To
obtain 0.2,0.3and 0.4 molarities
concentrations of  CuSOs  solutions
dissolve (1.997,2.996 and 3.994)gm were
dissolved respectively in 40 ml of distilled
water for each one with continues stirrer for
10 minutes, to obtain 60% concentration of
TEA solution mixed 120 ml of TEA with
80 ml of distilled water to make up 200 ml
of 60% TEA solution. By dissolving 7.612
gm of SC(NH2). with 200 ml of distilled
water to obtain 0.5 M concentration of TU
solution were mixed in a beaker. Substrates
were immersed vertically in the beaker. The
beaker was not stirred during the thin films
deposition. In order to determine the best
conditions for the deposition process, the
films  were deposited at constant
temperatures (room temperature). After
completion of films deposition (120 min),
the deposited films were then washed with
distilled water and dried in air at room
temperature.  The copper sulfate and
thiourea were a powder white color and
fabricated by [ Thomas Baker ( chemicals )
PVT. Limited ], but TEA and NHz were a
solution . The pH (10) was monitoring with
pH meter type (HANNA Company).
Deposition time was two hours in each
experiment.

The crystal structure of the prepared
films has been examined by X-ray
diffractometer (XRD-6000 Shimadzu). The
source of X- ray radiation was Cuka
radiation, the scanning angle varied in the
range (20-60)° with wavelength 1.5405A,
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speed 5deg/min, current 30 mA, and

voltage 40 KV.

The optical measurements  were
included transmittance and absorbance
spectra in the wavelength range (190-1100)
nm using UV-1650 PC UV- VIS
spectrophotometer SHIMADZU .The value
of absorption coefficient () has been
calculated by using eq. A: Absorbance , d:
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The extinction coefficient (K)

coefficient [®]

_ak

K =22
A7

The refractive index was determined by

the relationship, R: reflectance [

thickness of films I YR (3)
1-R
2.303A
= . 1
g (1)
Substrate—;»/\
Reaker Reaction solution

Fig. (1.1): The substrate immersed in reaction solution of prepared films by CBD.

Annealing can be defined as heat
treatment of materials at elevated
temperatures aimed at investigating or
improving their properties. Material
annealing can lead to phase transitions,
recrystallization, polygonization,
homogenization, relaxation of internal
stresses, removal of aftereffects of cold
plastic deformation (strain hardening),
annihilation and rearrangement of

3. Results and discussion:
X-Ray Diffraction:

Fig. (1-2),(1-3) and (1-4) show the
nature of the deposited and annealing

defects and so on. The results of
annealing depend significantly on its
kinetics. the rate of heating and cooling
and the time of exposure at a given
temperaturel!.

All deposited CuS thin films of
(0.2,0.3 and 0.4M) were annealed in
furnace in air at 400° temperature for
three hours .

of (0.2,0.3and 0.4 M) of CusS thin films.
The main features were that all films
before and after annealing in air at
400°C were amorphous such results a
history mentioned by others [78910
The non crystalline structure in the
films could be attributed to many

parameters among those the wide band gap, low temperature used during deposition

and glass substrate (1242,
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was
calculated using the eqg. «: absorption
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Fig. (1-2): X-ray diffraction patterns for 0.2M of Cus thin films .
(a) before annealing , (b) after annealing .
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Fig. (1-3): X-ray diffraction patterns for 0.3M of Cus thin films .
(a) before annealing , (b) after annealing .
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Fig. (1-4): X-ray diffraction patterns for 0.4M of CusS thin films.
(a) before annealing , (b) after annealing .
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4. Optical Properties
Transmittance:

Studying the optical transmittance
of the prepared film is of great interest
due to its valuable scientific
significance. The optical transmittance
spectra depends on the chemical
composition, crystal structure, energy
of incident photon, film thickness ,and
films surface morphology. Fig. (1-5)
shows the effect of as-deposition and
annealing on the transmittance spectra.
It is clear that the transmittance
decreases with increasing the Cu ion
concentration for before and after
annealing. Increasing the Cu ion
concentration means increasing in film

thickness, hence increasing absorption.
Fig. (1-4) shows also the optical
transmittance of annealed films.
Annealing process of the as-deposited
films increase the optical transmittance,
this increasing could be attributed to
the decreasing and rearrangement the
defects of the films. In addition the
annealing leads to improvement the
crystallinity — of the films structure
[11.13.14] Therefore, CuS thin films can
be used as transparent conducting
materials (TCMs) which is widely used
as electrodes in solar cells, flat-panel
displays, light emitting  diodes,
defrosting  windows, and  other
optoelectronicsl,

0.6 7
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Fig. (1-5): Shows the transmittance of the cus for 0.2,0.3,0.4 M .
before and after annealing .

Absorbance:

Fig. (1-6) shows the spectral
variation of absorbance for as-
deposited and annealed films . The
absorbance  increased  with  the
increasing of the Cu ion concentration
of the films before and after annealing
, which lead to increasing in the
thickness of deposited films. It's clear
from fig. (1-6) the annealing process
leads to decreasing in the absorbance
spectra. The previous behavior of
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transmission inversely reflected in the
spectral absorption as shown in Fig. (1-
6) where the value of absorption
exponentially decreased. Here it can be
explained the increase in the absorption
with thickness by another way, where
in this case of a thicker films, more
atoms are present in the films so more
states will be available for the photons
to be absorbed™11%],
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Fig. (1-6): Shows the absorbance of the cus for 0.2,0.3,0.4 M.
before and after annealing .

Absorption Coefficient:

The graph of optical absorption
coefficient, o vs photon energy, hv is
shown in fig. (1-7) for CuS thin films
of different ion concentration .The data
from absorption spectrum are used to
calculate the absorption coefficient by
using equation (1). It is clear that the
films have a high absorption coefficient
(a >10° cm™)that means all films have
direct band gap. This curve shows that
a is not linearly related with hv. It can
as well be seen that the thermally
treated CuS has lower value than the

of absorption coefficient are observed
at shorter wavelengths. The spectral
behavior of the absorption coefficient
for as-deposited and annealed CusS thin
films is shown in Fig. (1-7). CuS thin
films clearly showed high absorption
coefficient value. Annealing decreases
the value of the absorption coefficient
in the whole spectra and shifts the
fundamental absorption edge towards
the higher values of the photon energy.
The fundamental absorption can be
used to determine the nature and the
value of the optical band gap of

- . crystalline and non-crystalline
as-deposited sample. Maximum values materials[6171
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O 60000 +
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3
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Fig. (1-7): Shows the absorption coefficient of the CuS for 0.2,0.3,0.4 M . before
and after annealing .

Optical Energy Gap :

The direct energy gap values were
calculated by extrapolation of the
straight line of the plot of (ahv)? versus
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photon energy. Fig. (1-8),(1-9),(1-
10),(1-11), (1-12) and (1-13) shows that
the films have direct band gap and it is
clear from fig. (1-8),(1-9) and (1-
10)that the energy gap value of the
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films before annealing were greater
than that after annealing. From fig. (1-
8),(1-9) and (1-10) it can be seen that
the energy band gab decreasing with
increasing the Cu ion concentration of
films that’s means increasing in films
thickness. It is found that the band gap
energy decreases from 2.526 to 2.433
eV as the concentration of films
increased from 0.2 to 0.4 M 131518
Fig. (1-11),(1-12) and (1-13) shows the

normally decrease in the energy gap
values, This could be attributed to
improvement in the crystal and change
in grain size of the film (619 |t is
found that the band gap energy
decreases from 2.423 to 2.349 eV as the
ion concentration of films increased
from 0.2 ,0.4 M and for 0.3 M decrease
from 2.484 to 2.423 eV . Table (1)
show the results of the optical energy
gap of CusS thin films before and after

Adel H. Al-khayatt, Mustafa D. Jaafer

annealed films with different ion
concentration. The annealing process
Table (1): The result of energy gap of CusS thin films before and after annealing .

annealing .

Concentration Of Cus thin Direct energy band gap Eg°™ Direct energy band gap Ego™
film (M) (eV) Before annealing (eV) after annealing
0.2 2.526 2.416
0.3 2.482 2.359
04 2.433 2.349
7E+10 4
6E+10 A
Eg=2.526 eV

S5E+10 1

4E+10 1

3E+10 1

2E+10 A

(ahf)A2 (eV/ecm)nr2

1E+10 1

0 1 2

3 4
Photon Energy (eV)

5 6 7

Fig. (1-8): The direct optical energy gap for CuS 0.2M before annealing .
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1.8E+11 A
1.6E+11 A
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4E+10 A

(ahf)A2 (eV/cm)A2
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[o]

o 1

3 4
Photon Energy (eV)

6 7

Fig. (1-9): The direct optical energy gap for CuS 0.3M before annealing .
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Fig. (1-10): The direct optical energy gap for CuS 0.4M before annealing .
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Fig. (1-11): The direct optical energy gap for CuS 0.2M after annealing .
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Fig. (1-12): The direct optical energy gap for CuS 0.3M after annealing .
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Fig. (1-13): The direct optical energy gap for CuS 0.4M after annealing .

Reflectance :

The reflectance (R) is the ratio
between the intensity of reflected
photon to the intensity of incident
photon .The reflectance (R) of CuS and
thin films is calculated from the
absorption and the transmittance
spectrum using the relation; R+T+A =
1. Fig. (1-14) shows the variation of
reflectance spectra for three ions
concentrations of  as-deposited and
annealed CuS thin films . The
reflectivity of the films before and

after annealing  decreased  with
increasing the ion concentration of
films because the increased of ion
concentration leads to absorption of
more electromagnetic radiation in the
samples. It's clear from the figure that
the annealing process leads to
increasing in the reflectivity of the
films which refers to the decreasing in
the absorption of  electromagnetic
radiation as explained later in fig.(1-6),
This result confirmed some earlier
studies (%291,

Reflectance (a.u)

07 4 —e—02MB
—=— 03MB
0.6 A 04MB

0.2MA
—X—03MA
—®— 04MA

o 1

3 a
Photon Energy (eV)

6 7

Fig. (1-14): Shows the reflectance of the CusS for 0.2,0.3,0.4 M .
before and after annealing .

Refractive Index :

The refractive index is the ratio
between speed of light in vacuum to its
speed in material which doesn’t absorb
this light. The values of refractive index
(n) were calculated using equation (3)
depending on the reflectance values.

Studying the refractive index will
complete the fundamental study of the
optical properties and optical behavior
of the material. For all deposition
conditions in addition to the annealing ,
the refractive index increases to a
maximum value at energies
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corresponding to the optical energy gap
and then decreases because of the
increasing in the electronic transports .
Fig. (1-15) shows the variation of the
refractive index with different ions
concentrations for as-deposited and
annealed of CuS thin films. The
values of refractive index decreases
with  increasing the copper ion
concentration for as-deposited and
annealed films, this trend can be
attributed to the increase of optical
absorption in the UV-visible region.
The fig. also shows the effect of
annealing process on the refractive

index behavior which lead to increase
in its values in the UV-visible region,
which can be attributed to the decrease
of optical absorption and to the
influence of the annealing process on
the morphology of the films and hence

caused change in the refractive
index(!221. The behavior of the
refractive index is similar to the

behavior of many CuS films which
prepared by different techniques
especially chemically deposited such as
CuS films prepared by CBD technique
[16] and CuS films prepared by dip-
coating techniquel®?.,

23 1

1.7 1

1.5 1

1.3 1

1.1 1

Refractive Index (a.u)

—4—02MB
—=®-03MB
04MB
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—*—-03MA
—0—05MA

0.9
0 1

2.1 1
1.9 1
2 3

Photon Energy (eV)

4 5 6 7

Fig. (1-15): Shows the refractive index of the CusS for 0.2,0.3,0.4 M . Before and
after annealing .

Extinction Coefficient :

The extinction coefficient (K)
represents the amount of absorption
energy in the thin film material, which
means the attenuation of an
electromagnetic wave that is traveling
in a material. The values of (K)
depends on the density of free
electrons in the material and also on
the structure defects . The extinction
coefficient was evaluated using the
relation (3), and through the relation
the extinction coefficient is directly
related to the absorption coefficient .
Fig. (1-16) shows the extinction
coefficient of the samples as-
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deposition and annealing  with
different concentrations. The values of
extinction coefficient are directly
related to the absorption of light. The
rise and fall in the extinction
coefficient is due to the variation in
the absorbance . From the figure the
values of extinction coefficient before
and after annealing increases with the
increasing of Cu ions concentration
22231 The annealing process leads to
decrease in the extinction coefficient
values for each Cu ion concentration
because the annealing process leads to
decreases the defects or the tails deep
(that’s means decreases in the
absorbance of the films ) [181

Adel H. Al-khayatt, Mustafa D. Jaafer
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Fig. (1-16): Shows the extinction coefficient of the CusS for 0.2,0.3,0.4 M . before
and after annealing .

5. Conclusion:

1- The structural nature of the Cus thin
films was amorphous structure before
and after annealing.

2- The optical transmittance of CuS
thin film decreases with increasing the
concentration of Cu in the Bath
solutions.

3- The transmittance for CusS thin film
increases after annealing process,
therefore it can be used as transparent
conducting materials (TCMs) which is
widely used as electrodes in solar cells,
flat-panel displays.

4- The optical energy gap values of
CuS thin films for allowed direct
transition decreased with the increases
of the Cu ion concentration before and
after annealing.

References:

1- K. D. Yuan, J. J. Wu, M. L. Liu, L.
L. Zhang, And F. F. Xu ," Fabrication
And  Microstructure  Of  P-Type
Transparent Conducting Cus Thin Film
And Its Application In Dye-Sensitized
Solar Cell ", Appl. Phys. Lett.,, 93,
(2008) .

89

2- S. Bini, K. Bindu, M. Lakshmi And
Renew., Journal Of Energy, 20, 405,
(2000).

3- A. Galdikas A.Mironas, V.
Struzdiene, A.Selkus J.Ancultiene And

V. Janickis, Journal Of  Sensors
Actuators, 67, 76, (2000) .
4- G.Liu, T.Shulmeyer, J.Btotz,

A.Klein And W. Jaegermann, Journal
Of Thin Solid Film, 431, 477-482,
(2003).

5- Uark Fox "Optical Properties Of
Solid ", Published In The United States
By Oxford University Press,(2001).

6- J.Taucc, "Amorphous And Liquid
Semiconductors", Edited By J.Taucc,
Plenum Press, (1974).

7- A. F. Al- Shareefi, " Deposition And
Study Of Physical Properties Of Cuxs
Thin Fil3ms Prepared By Chemical
Bath Deposition ", M.Sc. Thesis,
Applied Science Dept., University Of
Technology, (2008).

8- M.T.S. Nair And P.K. Nair, Journal
Of Semicond. Sci. Technol., 191-199,
(1989).

Adel H. Al-khayatt, Mustafa D. Jaafer



JOURNAL OF KUFA - PHYSICS Vol.5 No.1 (2013)

9- S.H.Nasher, "Studying Of Some
Physical Properties Of Cuxs Thin Films

Prepared By  Chemical Bath
Deposition”, M.Sc. Thesis, Applied
Science  Dept,,  University  Of

Technology, (2005).

10- 1. Grozdanov, C.K. Barlingay,
S.K.Dey, M.Ristov And M.Najdoski,
Journal Of Thin Solid Film, 250, 67-71,
(1994).

11- Dr.Ali M . Mousa And Abbas F.
Sabbar, " Influence Of Post- Annealing
On The Properties Of Cuxs: Al, Fe
Films Deposited By CBD ", Eng. &
Tech. Journal ,Vol. 27, No.14,(2009).

12- A. Bollero, S. Fernandez, K. Zuzek
Rozman, Z. Samardzija, M. Grossberg,
" Preparation And Quality Assessment
Of Cus Thin Films Encapsulated In
Glass ", Journal Of Thin Solid Films,
520, 4184-4189, (2012).

13- K. Anuar, W. T. Tan, N.
Saravanan, L. K. Khor And S. M. Ho, "
Effects Of Deposition Time On The
Chemical Bath Deposited Cus Thin
Films", J. Nepal Chem. Soc., Vol. 25,
(2010).

14- E. Guneri And A. Kariper "
Optical Properties Of Amorphous Cus
Thin Films Deposited Chemically At
Different Ph Values ™ Journal Of
Alloys And Compounds 516, 20— 26,
(2012).

15- Mudi Xin, Kunwei Li And Hao
Wang," Synthesis Of Cus Thin Films
By Microwave Assisted Chemical Bath
Deposition ", Applied Surface Science,
256, 1436-1442, (2009) .

16- S. U. Offiah, P.E. Ugwoke, A.B.C.
Ekwealor, S. C. Ezugwu, R.U. Osuji
And F. I. Ezema , " Structural And
Spectral Analysis Of Chemical Bath
Deposited Copper Sulfide Thin Films
For Solar Energy Conversions ", Digest

90

Journal Of Nano Materials And Bio
Structures Vol. 7, No.1, 165 — 173,
(2012).

17-  J.Dudonis, AJotautis And
R.Naujokaitis, Elektronika IR
Elektrotechnika, Nr.5, (47), (2003).

18- Anuar Kassim, Saravanan
Nagalingam , Tan Wee Tee And Ho
Soon Min " Effects Of Deposition
Period On The Chemical Bath
Deposited Cu SNS Thin Films ", Rev
Soc Quim Pera., 76, 1, (2010) .

19- A.O. Awodugba, Ph.D. And A.A.
Ibiyemi, M.Tech. ," Investigation Of
Annealing Effect Of Electrical And
Optical Properties Of Zns-Cus Thin
Films Prepared By SILAR Technique "
, The Pacific Journal Of Science And
Technology, Volume 12., Number 2.,
November (2011).

20- El-Nahass M.M., Soliman H.S., Hendi
AA. And EI-Gamdy Sh,, " Effect Of
Annealing On The Structural And Optical
Properties Of  Tertracyanoguinodimethane
Thin Films ", Australian Journal Of Basic And
Applied Sciences, 5(6): 145-156,( 2011) .

21- Hadia Kadhim J.Alogili ," Optical
And Electrical Properties Of Cdo Thin
Films Prepared By Chemical Bath
Deposition Technique”, M.Sc. Thesis,
University Of Technology, Department
Of Applied Physics, (2008).

22- M. Abdel Rafea, A.A.M. Farag
And N. Roushdy ," Controlling The
Crystallite Size And Influence Of The
Film Thickness On The Optical And
Electrical Characteristics Of
Nanocrystalline  CuxS  Films ",
Materials Research Bulletin, 47, 257—
266, (2012).

23- M. M. Hasan, A. S. M. A. Haseeb,
R. Saidur, And H. H. Masjuki, " Effects
Of Annealing Treatment On Optical
Properties Of Anatase Tio2 Thin Films
" International Journal Of Chemical
And Biological Engineering, 1:2 (2008)

Adel H. Al-khayatt, Mustafa D. Jaafer



