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Abstract:

Lead sulfide (PbS) films were prepared with different copper doping ratios (0%,
2%,4%,6%) under (55) C° using the chemical bath deposition method (CBD). The
results of X-ray showed that all the doping films are polycrystalline and have a cu-
bic structure, where the crystallization process is good at plane (200) for the doped
film at a ratio of 2%. The greatest value of the grain size is at the doping ratio of
2% and its values decrease with the increase in the doping ratios, just as the density
of dislocations decreases at the percentage of 2% and its values increase with the
increase in the doping ratios. The results of UV-Vis proved that transmittance in-
creases with increasing the doping ratios and with decreasing the thickness of the
doped film. From calculating the values of the energy gap for the prepared films, It
was found that their values increase with increasing doping ratios resulting from a
decrease in crystalline defects.
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1- Introduction:

Lead sulfide (PbS) is a black inor-
ganic chemical compound. It is a tox-
ic compound when heated to the point
of disintegration due to the formation
of lead oxides and sulfur oxides. PbS
tends to crystallize as sodium chloride
(NaCl) with a concentric cubic struc-
ture. The faces are FCC, with a lat-
tice constant of about (5.936) A [1].as
shown fig (1).

Fig(1) Primary cell

of a lead sulfide crystal [2]
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PbS is one of the promising com-
pounds due to its optical and distinc-
tive electrical and structural properties
and its many and varied applications. It
has high quantum efficiency, and a fast

response time [3.4]. PbS is a semicon-
ductor and belongs to group (VI-IV),
as 1t has photoconductive properties.
[5]. PbS has a narrow, direct energy
gap (0.4 eV) at 300 k°, and Bohr radi-
usl8 nm exciton [6] which makes it
very suitable for infrared detection ap-
plications [7]. It also has an absorption
coefficient that increases continuously
from the infrared to the visible range.
[6], PbS is used in photography, a tran-
sition sensor for Pb*? lead ions in solar
cells, a photoresist, a humidity sensor,
a temperature sensor , and a radio wave
detector [7]. Thin film technology is
considered one of the most important
techniques used in the development of
the study of semiconductors and their
properties because the thin film layer
1s deposited on different materials such
as glass, silicon and metals.[8] Thin
films are also used in the manufacture
of components for thin electrical appli-
ances, reagents, and the manufacture
of mirrors and panels sensitive to elec-
tromagnetic waves. Because of their
small size and light weight, they have
entered the field of building digital
electronic computers and in the devel-
opment of space research equipment
[9]. There have been many methods for
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preparing thin films, and each method
has its advantages and characteristics
in order to obtain films of purity, accu-
racy and control over the thickness and
homogeneity of the films. Such as the
pulsed laser ablation deposition meth-
od (PLAD) [10,11] In this research,
the chemical bath deposition method
was used to prepare PbS films, as it is
a simple method that does not require
high temperatures or high pressure,
and 1s also used with different charac-
teristics such as changing the sedimen-
tation time, temperature, raw material
concentrations, and complexing agent
concentration.[12]

2- Experimental part:

The chemical bath precipitation
method was used by dissolving (1.416)
g of lead acetate Pb(CH,CooH), as a
source of lead ions (Pb*™) at a concen-
tration of (0.05)M at room tempera-
ture in (22.5) mL of distilled water
and placed with a magnetic mixer for
(10) min. Then, (2.5) mL of a complex
triethanol-amine solution (C,H NO) is
placed on it, while continuing to mix.
A thiourea solution, Cs(NH,),, was
prepared as a source of sulfide ions
(S?) by dissolving (0.38)g in (25) mL

of distilled water with a concentration
of (0.1)M at room temperature using
magnetic mixing for a period of (10)
min. Cs(NH,), solution is added to C_H-
NO + Pb(CH,CooH), solution with
continuous mixing. After that, a copper
acetate solution is prepared as a source
of Cu by dissolving (0.25) g of the
solution with a concentration of (0.05)
M in (25) mL of distilled water and
placing it in the magnetic mixer, where
the solution turns blue. The prepared
lead acetate solution is withdrawn and
replaced by copper acetate with doping
rates of (0%, 2%, 4%, 6%). After that,
the first glass substrate i1s placed after
being thoroughly cleaned and dried
vertically in the prepared sedimenta-
tion solution at the percentage (0%) at
a temperature (55) C° and with a sedi-
mentation time of (60) min. The color
of the sedimentation solution changes
from brown to black [13] and when the
sedimentation is complete, we take out
the substrate, wash it, and then dry it
with the same work for the second sub-
strate at (2%), the third at (4%), and the
fourth at (6%).
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3. Results and discussion:

3.1 Structural properties:

X-ray diffraction of the prepared
PbS shows that the material has a poly-
crystalline structure and have a cubic
structure as in figure (2) and there are
no impurity peaks. This confirms the
purity of the doping material [14,15].
The peak (200) appears at (20 =
30.05°) in the film with the doping ratio
of 2% was the highest and its intensi-
ty decreased in the other films with in-
creasing doping ratio. The peak (200)
represents the preferred direction of
film growth, as copper ions preferen-
tially enter the plane (200) to change
the relative growth rate of the crystal

plane, as these ions enter the defect
sites in the crystal, which enhances the
crystallization process of the material
[17]. This is consistent with the results
published by researchers in previous
studies [15]. The peak (111) appears in
all films and decreases with increasing
doping ratios in the other films. As dop-
ing ratio increase, the intensity of the
main peaks decreases, and the crystal
begins to deteriorate at an 8% doping
ratio. This is because copper ions have
a smaller ionic radius [16], because the
copper ions have a small ionic radius,
as they enter the defect sites in the crys-
tal and work to enhance the crystalli-
zation process of the material [17].
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Fig.(2) X-ray diffraction of PbS films prepared with different copper doping ratios.
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We find the average crystallite size the grain size. Table (1) shows that

(D,,) From the scherrer formula [18] the grain size increases first to reach

for all films prepared in planes (111), a maximum value at a doping ratio
(200), (220), (311).

of 2%, this increase reduces the grain
boundaries and thus reduces crystal-
line defects. Then the grain size de-
creases with an increase in the doping

where B= Full Width at Half Maxi}l ratio with copper, as shown in figure
mum (FWHM) of the diffraction peak, (3), many believe that the introduction
A=wavelength of the X-ray and ©=difv of copper restricts crystal growth [17].

fraction angle. Can be observed that

Table (1) Shows the values of p, D_  in the planes (200),(111),(220),(311)
of PbS films with different copper doping ratios.

Films (PbS) hkl FWHM B.10° D (A) D_ (A%

(200) 5.1496 493.7
(111) 3.43306 497.9

0% (220) 6.8661 516.9 486.5
(311) 5.1496 437.7
(200) 3.433 386.9
(111) 3.433 696.4

20 (220) 3.433 722.8 5559
(311) 4.291 417.7
(200) 4291 318.8
(111) 2.574 497.8

™ (220) 2.574 247.7 350 1
(311) 4.291 344.1
(200) 6.866 236.6
(111) 3.433 497.8

6% (220) 6.866 247.8 3316
(311) 5.149 3443
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Fig. (3) Grain size of PbS films Fig.(4) Density of dislocations of PbS
with different copper doping ratio. films with different copper doping ratio.
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We also notice that the density of
dislocations (9) is represented by the
following relationship [19],

The value (8) of deceases at a dops
ing rate of 2%. So, crystal defects de-
crease, and 0 increases with increasing
ratio of doping with copper, as in the
figure (4).

3.2 Optical properties:

From the examination of UV-Vis,
it was found that the values of trans-
mittance of the prepared PbS films in-
crease with the increase of the wave-
length of all the films. the transmittance
values are as low as possible within the

ultraviolet radiation region within the
range (300-400) nm and the transmit-
tance values increase in the visible re-
gion within the range (400-700) nm to
reach the highest peak within the range
(700-900) nm. Therefore, the transmit-
tance increases with the increase of the
doping ratio [17,20] as shown in figure
(5). Figure ( 6) shows the decrease in
the thickness of the prepared PbS films
by increasing the doping ratios. As the
amount of copper increases, the reac-
tion speed decreases and the thickness
of the films decrease. Decreasing the
thickness of the film increases its trans-
mittance and reduces its absorption be-
cause the thin films contain fewer at-
oms to absorb photon energy [14, 20].
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Fig(5) Transmittance spectrum of PbS
films with different copper doping ratio.
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Fig.(6) Thickness changes of PbS films
with different copper doping ratio.

The energy gap for the films pre-
pared with different doping ratios
found through the relationship between
(ahv)?, (hv),) appears in the figures (7
,a,b,c,d ) which show that the energy
gap increases from (1.16) eV to (2.03)
eV due to the doping from (0% ) to
(6% ) [17]. This increase is due to the
decrease in the thickness of the films

which result from the decrease in the
width of the local planes within the en-
ergy gap. Accordingly, the crystalline
defects are reduced by increasing the
doping ratios. [21].
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Fig. (7, a,b,c,d) Curves (a¢hv)? in terms of hv for PbS films prepared
with different copper doping ratios.
. )
Table (2) Shows the values (Eg) for PbS films prepared
with different copper doping ratios
Doping ratio % 0 4 6
Eg (eV) 1.16 1.43 1.78 2.03
Conclusion: mum value and then decreases with the

The results of X-ray diffraction
showed that the films prepared for PbS
are polycrystalline and have a cubic
structure. The grain size of the pre-
pared films increases to reach a maxi-

increase of the different copper doping
ratios for the films. By examining UV-
Vis it was found that the transmittance
of the prepared films increases by in-
creasing the different doping ratios,
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and the thickness of the films decreases
with the increase in the doping ratio of
the prepared films. Therefore, the de-
crease in the thickness of the film in-
creases its transmittance and reduces
its absorption. It was also shown that
the energy gap of the prepared PbS
films increases with the increase in dif-
ferent doping ratios of the films. The
prepared PbS films have many proper-
ties and applications as in photovolta-
ic applications such as solar cells and
photodetectors.

References:

[1] Abu Shanab, Nadia. “Preparation
and Optical Properties of Lead
Sulfide Nanoparticles in Polymer
Matrix”. Diss. Al Azhar University
Gaza, 2015.

[2] Xiaoyao Zheng, Fei Gao et all
“Cu-doped PbS thin films with
low resistivity prepared via chem-
ical bath deposition” Materials
Letters. V(167), p(128-130) doi.
org/10.1016/j.matlet.2015.12.077,
2016.

[3] Zeinab Azadi motlagh, Mohammad
Esmaeil Azim Araghi, “Effect of
annealing temperature on optical
and electrical properties of lead sul-

fide thin films” materal science in
semiconductor processing, V(40),
p(701-707), doi.org/10.1016/;.
mssp.2015.07.039, 2015.

[4] S.Espevik , C.Wu , and R. H.
Bube,”Mechanism of Photocon-
ductivityin Chemically Deposited
Lead Sulfide Layers™, J. App Phys.
42, pp. 3513-3529, 1971.

[5] K.W.Boer, U.W.pohl, “Semicon-
ductor physics”, Berlin Springer,
doi.org/10.1007/978-3-031-18286-
0, 2023.

[6] A.Sanchez-Martinez, O.Cebal-
los-sanchez, et all “Morphological,
structural, and electrical proper-
ties of PbS thin films deposited on
HfO2, S102, and AlI203 for TFTs
applications”’ceramics internation-
al, 47(13), p(18898-18904), 2021.

[7] Metehan Onal, Bans Altiokka,
“Pinhole-Free PbS Thin Film Pro-
duction Using a Low-Tempera-
ture Chemical Bath Deposition
Method” journal of nano research,
V(63), p(1-9), doi.org/10.4028/
www.scientific.net/jNanoR.63.1,
2020.

[8] K. L. Chopra:”Thin film phenom-
ena “:Mc.Graw-Hill:Inc.Compa-
ny:New-York: (1968).



Preparation of lead sulfide films doped

with different ratios of copper and their characterization .......

........................................ Imad Kadhim Khudhair J { 70

[9] Stenzel.O, “’The Physics of Thin
Film optical spectra : an introduc-
tion” ,Cham Springer, 2016.

[10] Nawar T. Mohammed, Jassim M.
Mansour, et all “Structural, op-
tical and electrical properties of
(PbS:Co) nanostructural thin films
synthesized by pulsed laser abla-
tion deposition technique” Aca-
demic Science Journal, V(1), doi.
org/10.24237/ASJ.01.01.592C,
2022.

[10] K.SESHAN.”Handbook thin film
deposition processe and technolo-
gies”. Noyes Publications, USA,
2010.

[11] G Hass, MH Francombe, et all.,
“Physics of thin films advances in
research and development”, world
scientific London,
2013.

[12] B. P. Sarita, Thése Doctorat, Uni-
versité de Kolhapur, India, 2012.

[13] 1. Boudraa, “Syntheése et étude
structurale par diffraction des ray-

publishing,

ons X des phosphates mixte des
métaux a valence I1III et V>, These
de Magister, Universit¢ Mentouri,
Algerie, 2010.

[14] Baligh Touati, Abdelaziz Gas-
soumi, et all “ Engineering of

electronic and optical properties
of PbS thin films via Cu doping”
Superlattices and Microstructures,
97,P(519-528) doi.org/10.1016/;.
spmi.2016.07.025, 2016

[15] Xiaoyao Zheng, Fei Gao, Fangxu
Ji, Huijun Wu, Junshan Zhang,
Xihong Hu, Yuchun Xiang,”-
Cu-doped PbS thin films with low
resistivity prepared via chemical
bath deposition”

Materials Letters, http://dx.doi.
org/10.1016/j.matlet.2015.12.077.,
2016.

[16] S. Rex Rosario, I. Kulandaisamy,
A. M. S. Arulanantham, K. Deva
Arun kumar, S.Valanarasu,Mo-
hamed S. Hamdy, K.S. Al-Nam-
shah, “ Analysis of Cu doping con-

centration on PbS thin films for the
fabrication of solar cell using feasi-
ble nebulizer spray pyrolysis” Ma-
terials Research Express, V(6) doi.
org/10.1088/2053-1591/aafb9a,
2019.

[17] Rui. Li, Wei. Li, Mengting. Liu,
Qinyu. He, Yinzhen. Wang, Qi-
uqgiang. Zhan and Teng. Wang,”
structural morpholofical, optical
and electrical properties of Cu-
doped PbS nanofilms” ES Mate-



dudlyelldeolall-duiJl d s -diolellg dygupdl Gluwlysdl ddoo
71 J { 02024 Qbuy—cL.gj_,g_éJngJ_c—uu)Llea.l:;.oJl—ggJ.delg CUWI saell

rials & Manufacturing, 4, 384 4,
2019

[18] SuryanarayanaC. and NortonMG.,
“X-ray diffraction a particle ap-
proach” New York: plenum Press,
1998.

[19] WahabH.,” Metal oxide catalysts
for carbon nanotubes growth: the
growth mechanism using NiO and
doped ZnO”, PhD. Thesis, Univer-
sity of York, April 2012.

[20] Muhammed Husham,”Structural
and Optical Properties of Nanocrys-
talline Pbs Thin Films Prepared
by Microwave-Assisted Chemical
Bath Deposition” Eurasian jour-
nal of science & engineering, V(8),
I(2) doi :10,23918/eajse.v8i2p10,
2022.

[21] Fatma Gode, Serdar Unlu, “Syn-
thesis and characterization of CdS
window layers for PbS thin film
solar cells” materials science in
semiconductor processing, V(90),
p (92-100) doi.org/10.1016/;.
mssp.2018.10.011, 2019.






