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ABSTRACT

Chemical bath deposition (CBD) method was used to deposit thin films of PbS. In the
experiments, PbS was obtained at five rent deposition times which are 15, 25, 35, 45
and 55 minutes. The effects of deposition time were investigated in detail. The
e structural properties of the PbS films were examined by using X-ray diffractometer
(XRD). According to the XRD, it was found that when deposition time was increased,

the intensity of the peaks increased and the crystallization of PbS thin films were
improved. All PbS films thickness increased as depending on the deposition time
increased. Besides, crystallite sizes, lattice constants, average stresses, micro strains
and dislocation densities were obtained from the XRD results. According to them,
the micro strain and average stress of the film significantly decreased as depending
on the deposition time increased. Surface properties of the PbS thin films were
researched by using scanning electron microscope (SEM). The SEM images revealed
that when deposition time was increased, pinholes and voids formations were less
appeared on the film surface.

1. INTRODUCTION coatings have been discussed by many workers
[71,[8]. Polycrystalline PbS films can be obtained by

Lead sulfide (PbS) is a semiconducting several methods such as spray pyrolysis [9],

chalcogenide and belongs to groups V-V successive ionic layer adsorption and reaction [10],
compound semiconductor with direct narrow band

gap energy of 0.41 eV (at 300 K) PbS has a cubic [12], galvanic method [13], atomic layer deposition
structure and a relatively large exciton Bohr radius (14]
(18 nm) [1].

For the past few years, the properties of

thermal evaporation [11], solid-vapor deposition

pulse electrodeposition [15],[16],
electrodeposition [17]-[21] microwave heating [22],
and chemical bath deposition (CBD) [23]-[26].

PbS film for the research on the growth of nano Among these methods, CBD is more widely utilized

particle PbS films has increased for its technological due to its low cost, not require sophisticated and

various nanodevice applications have been studied expensive instruments [2], [27], easy to handle, the

such as [2], infrared detection [3],[4], photosensitive quality of the films, and convenience for large area

resistance, light-emitting diodes, optoelectronic deposition and on various substrates [28], [29].

devices, humidity and temperature sensors, widely Many researchers have reported properties

used in IR detectors. Owing to their suitable of chemically deposited PbS thin films. The method
bandgaps, PbS thin films using solar control coatings
[5], [6]. The possibility of using very thin (20—60 nm)

chemically deposited PbS films as solar control

of chemical bath deposition (CBD) is based on
successive adsorption and reaction of species on the
substrate surface from aqueous solutions [27],[2].
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The mechanisms of reactions for PbS precipitation
that take place during the production of PbS with
the chemical bath deposition is as follows [23]:
Pb(NO3), + 2NaOH — Pb(OH), + 2NaNO; (1)
Pb(OH), + 2NaOH — Na,[Pb(0H)4]  (2)
[Pb(OH),)?~ — Pb** + 40H~ (3)
CS(NHp); + OH™ = CHyN, + H,0 + HS™  (4)
HS™+ OH™ — H,0 + 5%~ (5)
Pb** +S*~ > PbS  (6)
. PROCEDURE
A. Thin films deposition
The glass slides of dimension 4 cm x 2.5 cm
X 2 mm were cleaned as the clean lines of the
substrate has a direct bearing on the adherence of
the film. The deposition solution was prepared in a
100 ml deionize water containing with 0.009 M of
lead nitrate [Pb (NOs),]), 0.051M thiourea (CS(NH,),)
and 0.30 M of Thiourea [SC(NH,),]. The alkalinity is
set using, sodium hydroxide (NaOH) of 0.64 M.
Deposition solutions were mixed at 600 rpm. All
solution was prepared at 11 pH. The glass substrates
and deposition bath were cleaned with 5% (w/w)
hydrochloric acid and after than were washed with
deionized water. Cleaned glass substrates were
immersed vertically into the deposition bath. The
PbS films were deposited at various time from 15 to
55 minutes. The temperature of the solution in the
bath was maintained at room temperature (300 K).
After the deposition the substrates were taken out
of the deposition bath and rinsed thoroughly with
deionized water and dried in air. Mirror-like gray
thin film surfaces were obtained after removal of
one side of the glass slide using cotton with HCL. The
deposited films were found to be well adherent,
uniform, dark brownish black in color.
B. Characterizations of thin films
The synthesized PbS thin films were
characterized for their structural and morphological
properties. Film thickness was measured using an
(Filmetrics F20) and
gravimetric method was used to calculate film

optical  reflectometer
thicknesses.

The X-ray diffraction spectroscopy (XRD)
analysis was used to a PA Nalytical Empyrean XRD in
the range of 20-80 with Cu Ko of 1.5410 A°. The
surface morphology of the prepared samples was
investigated by using a Zeiss SUPRA 40VP scanning
electron microscope (SEM).

1. RESULTS
A. Structural studies of PbS thin films

The properties of the films examined by
XRD technique such as crystal structure, crystalite
size, preferential orientation, strain and stress acting
on the unit surface have been determined. The
diffraction peaks observed at diffraction angles 20 of
259 °% 30 ° 43 °; 50.9 ° 53.4 ° and 625 °
correspond to the (111), (002), (022), (113) and
(222) planes of the cubic PbS type structure. E1, E2,
E3, E4 and E5 are confirmed by the ASTM number
(98-060-0243),(98-003-8293), (98-006-3095), (98-
006-2193) and (98-006-2193), respectively. It has
been observed that the intensity of the peaks
increased and the crystallization of PbS thin films
were improved with increasing deposition times.
XRD analyzes of PbS thin films produced in E1, E2,
E3, E4 and E5 are given in Figure 1 and they revealed
that all films formed in cubic galena structure.
Film thicknesses were calculated by using
gravimetric method and results were given in Table
1. While the thicknesses of the PbS films were being
varied between 526 nm and 698 nm. This result
showed that deposition time did affect the film
thicknesses. The PbS film thickness increased as
depending on the deposition time increased.
The texture coefficients, given in Equation 7 [30], of
the films were employed to determination of
preferred orientation.
TC = Inrty/Toqrity )

1w k)
NZN(’O(hkl))

where | (hkl) is the measured relative intensity of a
plane (hkl), lo(hkl) is the standard intensity of the
plane (hkl) given in ASTM card. The calculated
texture coefficients were given in Table 1. It has
been determined that all films have 3 texture
coefficient values larger than 1 belonging to
different planes. The preferred orientation for all
films produced is thought to be random. According
to the texture coefficients although the films
produced at 35, 45 and 55 minutes, the peak
intensity of (111) plane of the film was higher than
that of the (002) plane. This result is an expected
in the
literature, it was observed in the experiment in

result according to the previousstudy

which no inhibitor was used in the deposition
solution that the lead concentration at room
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temperature was almost complete in 50 minutes
[23]. Due to this reason, the peak intensity of (111)
plane of the film cannot be expected to shift
towards the (002) plane.

S =¢€Y/(20) (11)

Where apand a are lattice parameter of the
bulk sample and the corrected value of lattice
parameter of thin film samples respectively. The o

12 S 15 and Y are the Poisson’s ratio and Young’s modulus of
[ =15 min . .
9r the bulk crystal respectively. For PbS the value of Y is
6 70.2 GPa and ois 0.28.
3k “ \! [ ! Table 1.The intensity, texture coefficient and film
U = thickness of the PbS thin films produced at 15, 25,
‘P; or | E2 = 25 min 35, 45 and 55 minutes
— 6 L
o
=
8 3r i fre E>S9 a
® J\ I A s = B 0 o —_ w
€ [ S e e e e SN ST S S S g o 2%2 = %) = EEE
3 E3 = 35 mi & N |Eg 8| =T |F|=sEgs=
2 ol min w E 39 =
& 3 2= =
6 | w
oy
3 3l ] | | 25,972 |37605,30| 71,95 | 1,691 |(111)
2 S O R D SR 30,053 [48873,16| 100 |2,350 |(002)
Al E4 = 45 min 43,045 |31344,85| 69,05 |1,623((022)
6 - E1l 50,960 |14553,44| 33,08 (0,777 |(113)| 526
3 - ‘ 53,432 | 6151,78 | 11,4 |0,268 |(222)
— | |
o | o 62,498 | 3719,75 | 5,61 |0,132(004)
= ) ) T s s s e e
= P 68,892 | 4030,63 | 6,78 |0,159 [(133)
St R 8 25,960 |27611,30| 96,06 | 2,222 |(111)
6 ‘ e ) aa 30,057 [27970,74| 100 |2,313 |(002)
‘ -
3r - |\ oo 43,037 |13897,94 | 53,68 | 1,242 |(022)
J . )
Ozc_) ‘ 2'5 : 3’0 25 4'0 : 4';450*? p—— E2 | 50,954 | 7480,71 | 27,96 | 0,647 |(113)] 547
20 (degree) 53,405 | 4311,75 | 13,29 | 0,307 |(222)
Fig.1X-ray diffractograms of PbS thin films according 62,510 | 2979,58 | 5,26 | 0,122 (004)
to deposition time 68,877 | 2797,06 | 6,39 |0,148 |(133)
P ) ) 25,978 |61523,92| 100 |2,314 |(111)
The average crystallite sizes of samples 30,071 |52205,38 | 89,05 | 2,060 |(002)
were estimated Debye Scherrer equation given in 43'053 32821182 58'59 1’356 (022)
Eq”at(']‘:]’gg&lso A E3 | 50,969 |14571,67| 27,93 | 0,646 |(113)] 596
= mn (8) 53,422 | 8929,49 | 14,93 | 0,345 |(222)
wherel was the wavelength of X-ray radiation 62,521 | 4060,85 | 5,38 |0,124(004)
o . . 68,902 | 4332,48 | 6,65 |0,154|(133
(1.54056 A), Bwas the full width half maximum, 26 55 998 161092011 100 2889 2111;
was the peak centre, fand 20cwere calculated by 30'084 33366129 52,03 1'503 (002)
fitting the XRD peak profile [31]. The estimated 43'071 27386165 47'51 11372 (022)
crystallite sizes of the films were given in Table2. £a 50,080 |11833,02| 20,68 | 0,597 |(113) 647
When Table2 is examined, it can be seen that 53,446 | 849417 | 14,1 | 0,407 |(222)
crystallite size varies from 30 nm to 93nm. The 62,531 | 307451 | 2,78 | 0,080 |(004)
lattice constant of the cubic rock salt structure is 68,928 | 4003,78 | 5,22 |0,151 |(133)
given as follows by [32]. 25,996 |62251,18| 100 2,831 |(111)
a = d/(h? + k? + 1?)(9) 30,080 |32348,27| 51,87 | 1,469 |(002)
where h, k and | are the Miller indices and d is the 43,070 |28536,40 | 51,39 | 1,455 |(022)
interplanar distance. Furthermore, the micro strain ES 51,017 ]12709,31| 20,52 | 0,581 |(113) 698
and average stress were calculated by using 53,449 | 9042,65 | 14,94 | 0,423 |(222)
Equation 10 and 11 respectively and given in Table2. 62,523 | 2999,58 | 2,62 |0,074 |(004)
68,919 | 4294,17 | 5,88 |0,166 |(133)
e =(ay—a)/a, (10)
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Table 2.The crystalite size, dislocation densities,
lattice parameter, micro strain values, and average
stress values of the PbS thin films produced at 15,
25, 35, 45 and 55 minutes

the intercept of the linear plot at (cos?6/2) x
1
(

sin26
constant [33]. Deviation of the calculated lattice

1 . .
+5)=0 at gives the corrected lattice

parameter (a) from the strain face bulk sample (ag =
5.936 nm) indicates that the as obtained films were
under strain [33].

Dislocation density can be derived from the
crystallite size as given in Equation 12 presented in

Table 2[34]
1
T (es)?
According to Table 2, the micro strain and average
of the film

depending on the deposition time increased.

(12)

stress significantly decreased as

6,00
1 B E1=15min
5,98
5,96
Im
5‘94_# — .
oL j
® 5924
Equaton  y=a+b'x
590 |Adj.R-Squar -0,07703
] Value Standard Error
588 | Intercept 594371 0,00107
bt Slope -4,1214E- 5,45462E-5
5,86
LI UL B |

LA A L L ERL IR B L |
0 5 10 15 20 251’(9)30 35 40 45 50 55

Fig.2 Nelson—Riley plots of PbSthin films obtained at

g tel L ES 5 [Brilsat
2 @ zclufl |5 s |2
E| N |2§|33:|g¥ (855565
3 g 9| g a8 g |7 o
u a2 a =
25,972 63 5,9424 1,07 2,52 1,34
30,053 64 | 59472 | 1,88 2,47 2,36
43,045 66 5,9437 1,30 2,30 1,63
o 50,960 | 85 | 59436 | 1,27 1,38 1,60
53,432 86 5,9404 | 0,74 1,35 0,93
62,498 90 5,9445 1,44 1,24 1,80
68,892 93 | 5,9411 | 0,86 1,15 1,08
25,960 | 63 | 59450 | 1,51 2,52 1,89
30,057 64 | 5,9463 1,74 2,47 2,18
43,037 66 5,9447 1,47 2,30 1,84
o 50,954 | 85 | 59443 | 1,39 1,38 1,74
53,405 86 | 59432 | 1,21 1,35 1,52
62,510 30 5,9435 1,26 1,24 1,58
68,877 74 | 5,9422 1,04 10,4 1,31
25,978 | 63 | 5,9400 | 0,67 2,52 0,85
30,071 64 | 5,9436 1,27 2,47 1,60
43,053 55 5,9426 1,11 2,30 1,40
a 50,969 85 | 59426 | 1,11 1,38 1,39
53,422 | 69 | 59414 | 091 | 217 | 1,14
62,521 90 5,9425 1,09 1,24 1,37
68,902 93 5,9403 | 7,26 1,16 0,91
25,998 | 63 | 5,9365 | 0,09 2,52 0,11
30,084 | 53 | 59411 | 0,86 3,56 1,08
43,071 66 5,9403 | 0,72 2,30 0,90
= 50,989 85 5,9404 | 0,75 1,38 0,94
53,446 | 86 | 5,9390 | 0,50 1,35 0,63
62,531 45 5,9416 | 0,95 4,96 1,19
68,928 74 | 5,9383 | 0,40 1,80 0,50
25,996 | 63 | 59368 | 0,14 2,52 0,17
30,080 | 64 | 59419 | 0,10 2,47 1,24
43,070 83 5,9404 | 0,74 1,47 0,93
trH 51,017 43 5,9374 | 0,23 5,53 0,29
53,449 86 | 5,9386 | 0,45 1,35 0,56
62,523 45 5,9424 1,07 4,96 1,34
68,919 93 5,9390 | 0,51 1,15 0,63

The corrected values are estimated from
the Nelson—Riley plots given in Fig.2, Fig.3, Fig.4
Fig.5and Fig.6. The lattice parameters calculated
from the peak positions of individual reflections are

plotted against F(8) = (cos?6/2) * ( LI %) and

15 minute
6,004
n E2=25min
5,98 4
5,96 -
sutes. . -t 5
<
T 592
i Equatio y=a+b"x
590 Adj. R-S 0,42146
588 Value  Standard Error
22 Intercept 594482  4,81304E-4
Slope -7,3434  3,16865E-5
5,86
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Fig.3 Nelson—Riley plots of PbS thin films obtained at
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Fig.4 Nelson—Riley plots of PbS thin films obtained at

35 minute
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Fig.5Nelson—Riley plots of PbS thin films obtained at

45 minute
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Equation y=a+bx
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Fig.6 Nelson—Riley plots of PbS thin films obtained at
55 minute

B. Surfaces of PbS thin films

Typical 100 times magnified SEM images
were given in Fig.7 and Fig.8. There are plenty of
voids and pinholes on the surface of the films
obtained with 15, 25 and 35 minutes given in Fig.7a,
Fig.7b and Fig.7c respectively. It was showed in a
previous study [35] that pinholes and voids could be
seenPbS films which obtained at 30 minute.
It is thought that
decreased pinholes and voids formations as given in

increasing deposition time

Figure 8a, and 8b. Besides, these surfaces are shown
nearly compact and nearly smooth.

The 30000 times magnified surface images
were given in Fig.9 and Fig.10.The films obtained
with 35, 45 and 55 minute given in Fig.9c, Fig.10a
and Fig.10b respectively. These surfaces are seen
typical morphology of PbS films. The sizes of the
polymorphic particles vary between 200 nm and
1000nm. It is noteworthy that there are not pinholes
and voids on these surfaces. This result showed that
relatively high SEM images can be fallacious for
people.
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' i ' Fig.8 SEM images of the PbS films obtained at a)45
? b) 55 minutesmagnified100 times

Fig.7SEM images of the PbS films obtained at a)15 b)
25 c) 35 minutes magnified 100 times.
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Fig.10 SEM images of the PbS films obtained at a)45
b) 55 minutesmagnified30000times
Iv. CONCLUSIONS

In this study, PbS thin films were produced
by chemical bath deposition. Five different
deposition times were applied in the experiments.
XRD data showed that the intensity of the peaks
increased and the crystallization of PbS thin films
were improved with increasing deposition times.All
PbSfilms formed in cubic structure and their
thickness increased as depending on the deposition
time increased. Besides, the films produced at 15
and 25 minutes, the peak intensity of(002) plane of
the film was higher than that of the (111) plane.
o o, ek b Although the films produced at 35, 45 and 55
Fig.9 SEM iagés of-thé PbS f_ilms obtaiﬁe at )15' minutes, the peak intensity of (111) plane of the film
b) 25 ¢)35 minutes magnified 30000 times. was higher than that of the (002) plane. This result is

Ayca KIYAK YILDIRIM K

KY Publications




@

International Journal of Engineering Research-Online
A Peer Reviewed International Journal
Articles available online http://www.ijoer.in; editorijoer@gmail.com

Vol.6., Issue.5, 2018

Sept-Oct.,

an expected result because of the previous study in
the literature; it was observed that the lead
concentration at room temperature was almost
complete in 50 minutes [23]. Thence, the peak
intensity of (111) plane of the film cannot be
anticipated to shift towards the (002) plane.

Dislocation densities, micro strain, and
average stress values of all films were calculated.
The micro strain and average stress of the film
significantly decreased as depending on the
deposition time increased. Among all films, any film
had not negative average stress and micro strain
values. It is clearly understood that no negative
strain indicates no compressive strain present in the
synthesized PbS thin films [36].

The surface morphologies were
investigated by using a SEM and the SEM images
revealed that when deposition time was increased,
pinholes and voids formations wereless appeared on
the film surface. The 30000 times magnified surface
images of the films obtained with 35, 45 and 55
minute are seen typical polymorphic morphology. It
is noteworthy that there are not pinholes and voids
on these surfaces. Due to this result, relatively high
SEM images can be deceptive for people.
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