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Abstract

The Electroless deposition of the thin films of léasulphide (PbS) was
successfully conducted. Properties of the films ahiinclude the thickness,
absorbance, transmittance, reflectance, band gapergy, conductivity type
and charge carrier mobility were studied using U\sible spectra
photometer model 6405, four point probe and hot pep pH meter, and meter
toledo (AB0084) electric beam balance with four @eal places . The study
revealed the thickness of the film to be in the e 0.71um-3.34pum,
absorbance (0.02A —-1.105A), Transmittance in thenge (0.9% - 99%),
reflectance in the range, (0.11% - 98%) within wésegth of the radiations
(400nm — 1000 nm),Where energy band gap in the rari§.6 eV — 2.70 eV),
charge carrier mobility on average is 7803 &vs and the deposited thin
film Lead Sulphide is a p-type semi-conductor mastr
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1.0 Introduction

A thin film is a layer of material deposition whotgckness is of the order of a given wavelengttanfelectromagnetic
radiation. The layers of materials are coated distates which could be plastics, glasses or nme@tcomplish a desirable
effect. Thin films are crystalline or non-crystali materials developed on a substrates surfacehypsigal or chemical
method [1]. The significances of thin film canna bver emphasized among which are in the productiaramera lenses,
diachronic mirrors, solar cells, solar thermal eyst photovoltaic power system, etc. Lead Sulphald been used in infra-
red detectors since mid 1940s [2] and it was fas "pplication that the chemical bath depositiochieque for Lead
Sulphide thin films known since 1910 was initiatieveloped in the late 1940s.it is well known th&hemical Bath
Deposition (CBD) is an “electroless” technique tiatttractive as a simple and low cost method[3pical deposition
process involves the immersion of glass substratdkaline. Lead thiourea solution yielded Leadp®ide (PbS) thin films
of various thickness [4]. Many techniques have bregrorted for the deposition of PbS thin films sashelectrodeposition
(ED) [5], chemical spray deposition (CSD) [6], atteermal evaporation techniques [7]. Of the varideshniques the
chemical bath deposition (Electroless depositisnan attractive method because good uniformitysfiban be grown at a
low cost [8]. In this work, an attempt has been ental study the physical ,electrical and opticalperties of the PbS thin
films with different thicknesses ranging from 280700 nm grown by Chemical bath deposition techmig glass substrate.
Hence, this research is to measure the physiaatriglal and optical properties of thin films otk Sulphide (PbS), since a
low cost, less sophisticated techniques is usedgaozd to the literature reviewed.

2.0  Methodology

2.1 Substrate Preparation

A microscopic glass slide of dimension 25.4mm xX2R#@n and 1mm thick were used as substrate. The glages were
decreased in concentrated nitric acid (HNfdr 48 hours, cleaned in cold water with detetgeinsed with distilled water
and dried in air.
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2.2 Solution Preparation

The solution for deposition of lead sulphide thimfon both surfaces of glass substrates (micrdscglass slides) were
constituted from aqueous solution of 1.0 mole thia@ol Amine (TEA) and 1 mole of sodium hydroxideapH). The
equivalent mass concentrations of solid reagent® weeasured using meter toledo (AB 0084) electeant with four
decimal places.

2.3 Deposition of Lead Sulphide

In this research the chemical bath deposition anat37.9340g lead dissolved in 100ml of distilledter, 7.6120g of
thiourea dissolved in 100ml of distilled water, 2&5ml of Tri ethnol amine 100ml in distilled watetg of sodium

hydroxide dissolved in 100ml of distilled water.élarious solutions of the reagents are pouredhegén a chemical bath
and stirred until the solid components of the sofudissolved completely before the substrates waraersed vertically
using a peg and tied to a clamp on a retort stbhd.temperature of the solution was at room tentperaSodium hydroxide
solution was added to increase the pH level of shéution to 9 which was measured by using a sungpx—

70/pH.MV/temperature.

The formation of the Lead Sulphide (PbS) thin fdamthe glass substrate can be explain by thevioilp chemical reaction:

Pb (NQ), + TEA= (PbTEAY* + 2N0; 1
Pb (TEAY = pb?* + TEA 2)
(NHy), CS =2 CHN, + H,0 + HS (3)
HS + OH =2 HO + & (4)
P+ S =2 PbS (5)

The presence of thé"Srom the hydrolysis of thiourea and ®from lead acetate produce the PbS layer.

2.4 Thickness Measurement
The mass of the deposited PbS was obtained by miwegdhe empty substrate before deposition and easured after
deposition using Metter Toledo (AB 0084) electribabm balance.

2.5 Conductivity Type Measurement

The hot probe method was used to determine theuotindy type of the deposited lead sulphide thim$. The two
identical stainless steel soldering equipment cotateto a voltmeter were placed on the surfacéefléad sulphide thin
film. One of the probes was heated while the ottes at room temperature. The hot probe heatedhiBesBmple under it,
which led to an increase in the kinetic energyheffree carrier. The carrier diffused from the twothe cold region creating
an electric field that opposed the diffusion. Thectic current produced a potential which was cket by milliammeter.
For n-type semi conductor electrons flew away fittva hot probe leaving a positive charge donor &rdused the hot end
to have a positive potential with respect to calobe. In the p-type semi conductor, the curremwWill be in reverse [9].

2.6 Band Gap Energy Measurement

The optical absorption spectra of lead sulphide thim deposited by the use of the chemical batthaoed were obtained
using JEN WAY 6405 UV — VIS spectro photometer. émpty glass slide of 1cm width was cut and usetdkie the base
line, which cancelled the effect of absorption lné fglass slide. The deposited thin-films of PbSewscanned within the
range of 250 — 700nm wavelength between UV andbieisipectrum. Other optical and solid propertiesewabtained from
the spectra data by calculations based on theytheor

2.7 Measurement of Charge Carrier Mobility ()

The Hall Effect measurement is one of the variatédgs of characterizing semi conductor materialsgtivar silicon based
compound semi conductor, thin film materials fotasccell or nano scale materials. The first stem@ermining carrier
charge mobility is to measure the Hall voltage. a8 voltage of lead sulphide deposited on glagssate was measured
by placing the sample on a powerful magnet perpetal to the sample in order to create the magtielit and a current
through sample. This combination creates a trassveurrent. The resulting potential was measursssathe device.

3.0  Results and Discussion

Four different samples were deposited during ékgeriment, equal volume of solution; the same tentpesa(room
temperature) and pH were also used for all the Esnjphe time taken for deposition was varied; dandp, for one day,
B, for two days, & for three days, B four days respectively.
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3.1  The Thickness Calculation
The thickness of the deposited lead sulphide wésiredd as follows

Density Pis defined as

m
= (6)
P Vv
But V = At (where A = Area and t is thickness)

Thus, rearranging (6) yields

= ™
PA

Where, M is the mass of deposited PbS ahdis the volume
Table 1 Shows the relation between the thicknesiseofamples deposited and the time taken. Fromethgon it shows that
the thicknesses of the films were 0.71um, 0.83u812m and 3.34um for samples,AB1,, C;», and Dsrespectively. Thus,
the thickness of the films increases as the numbeéay increases.
Table 2 shows the wave length ipng), Transmittance, Reflectance and Absorbance. hasme was obtained from
machine while transmittance and reflectance weleulzded. From the calculations, it shows thatdhsorbance is directly
proportional to the transmittance and inverselypprtional to the reflectance, that is, the highesr absorbance, the higher
the transmittance and the lower the reflectancés Télation shows that thin film of Lead Sulphidepdsited will be a
reliable material for solar cell fabrication asaanti- reflectance material.

3.3  Charge Carrier Mobility Calculations
The charge carrier mobility of the sample was dated using equation (8)

L= slope ®)
(w/L)B
Where the slope was obtained from a graphp{nV) against Y (Volt)
=
slope= v ©)

L

W and L are the width and length of the substrate samples

W =254x10Cm L =7.62x10Gm

The magnet used has a magnetic field strength B3T0

Table 3: Shows the load voltage ®nd Hall voltage \ obtained from the samples. The relation was useaat the graph
that obtains the slope needed for the calculatfahe electron mobility. It is observed that thebility of electron in lead
sulphide samples are (7273, 7879, 7979, 808%) \¢ihs® as calculated and the average mobility for thel lsalphide
sample is calculated to be 7803%i' s* which can be compared with the average value o 8% v s* obtained in [10].

4.0 Discussion

The cations P and anions Sin the deposition solution reacts to become neatams called thin films of lead sulphide
which is deposited on the glass substrates. Thapitation could be spontaneously fast or procdedly. Fast precipitation
implied that thin films could not be formed on thgbstrate immersed in the solution [8]. The conmiplgxagents, tri ethanol
amine (TEA) slowed down the precipitation action floe thin film of neutral atom PbS to form. Thedan of sodium
hydroxide solution served as pH stabilizer.

Figures 1-4 show a graph afH)? against the energy (photon energy) of samplgs By,, Ci», and D,respectively. The
energy band gap values were obtained by extraipolaf linear portion of the graph to X-axis. Tharficular point where
the straight line or tangent touches the X-axiegithe energy band gap. The linear dependenaeE)f With (hv) indicates
that the films have a direct band gap[11]. The reatd the graph plotted shows the presence of babdnd direct transition.
From the graph, energy band gap were estimated fiotbeV for sample A 1.9 eV for sample B, 2.45 eV for sample G
and 2.7 eV for sample R Range (1.6 eV-2.7 eV). The results of the endagyd gap can be compared with 1.9 eV reported
in [12]. The result is also in a good agreemenh e range of 1.88 eV-2.28 eV reported in [8].

The conductivity type of the films was determingdhot probe to be P-type. The transmittance arldataince in percentage
were obtained asA(0.9%-13%) and reflectance A86% - 99%) for wavelength of radiations rangingni 400nm-
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1000nm, B, transmittance was in range (2% - 98%) and refleda(98%- 0.11%), G transmittance (9%-55%) and
reflectance (43% -91%) with wavelength ranging fré60nm — 1000nm. 3 transmittance (29%-81%) and reflectance
(18% -77%) with wavelength ranging from 400nm — Q2.

5.0  Conclusion
The optical properties of the thin films of leadphide (PbS) such as absorbance, energy bandrgapniittance, reflectance
and the charge carrier mobility (1) of the materialere studied. The study revealed the absorbante tin the range

(0.02A-1.105A) transmittance in the range (0.9%%&)9%eflectance in the range (0.11%-98%) within weeve length of the

radiations (400nm- 1000nm) energy band gap in émge (1.6eV — 2.70eV) and the charge carrier nighilh average is
7803cni/Vs which is in agreement with values obtained theoresearchers in the field of lead sulphide.
Table 1. Shows the relation between the thickness of dnepdes deposited and the time taken.

Sample | Deposition time (day) Thickness Of the depitsd layer (1 m)
Ag 1 0.71
Bis 2 0.82
Cop 3 2.95
Di, 4 3.43

Table 2 Shows the wavelength, absorbance, transmittamteedlectance of deposition of thin film lead Shitte (PbS)
from day 1 to day 4

Day 1 Deposition

Day 2 Deposition

Day 3 Deposition

Day 4 Deposition

~| @ c ® —~| @ c ® ~| @ c @ ~| @ c )
g 2 8 2 gl 2 8 2 gl 2 8 2 gl 2 8 2
£ s = 5 E| = 5] S| s = 5] S| s = 5]
os| 2 g <R oE| 2 g <R vs| 2 g < 3] vs| 2 g 9 o
s2l 8 _ | 5354523 595823 _|5S/sd4d:82 8 |53 s5a
ol 33/ | F8 P23/ | F8 x| |F8axP2I| < |[FHaxS
1 400 | 1.105 13| 86g 400, 1991 98 O.p1 400 1.740 55 0 | 1906 | 81| 18
2 450 | 0.726 | 5.0/ 94§ 450 1.981 9% 2. 50 1374 24 850 | 1.815 | 65| 33
3 500 | 0.454 | 2.0/ 97§ 500 1.921 88 1 500 1.209 16 0 | 1.789 | 62| 36
4 550 | 0.285 1.0/ 98§ 550 1.904 80 1 5 1.167 15 0 | 1685 | 48| 50
5 600 | 0.140 1.0/ 99§ 600 1.888 772 600 1.120 13 0 | 1.623 | 42| 56
6 650 | 0.052 | 0.9] 99§ 650 1.533 34 6 5 1.085 12 50 | 1.641 | 44| 54
7 700 | -0.076| 0.9] 99§ 700 1.085 12 8 700 1.027 11 800 | 1.620 | 42| 56
8 750 | -0.054| 0.9] 99§ 750 0.754 60 9 50 0987 109 B750 | 1.611 | 41| 57
9 800 | -0.040| 0.9/ 99§ 800, 0.289 20 9 800 0.101 5®4 §800 | 1.338 | 22| 77
10 850 | -0.036| 0.9] 99§ 850 0.32Q 20 9 50 0874 1.2 §850 | 1411 | 25| 73
11 900 | -0.026| 0.9] 99§ 1900 0.253 20 9 900 0.888 §.01 g 9O00 | 1.444 | 28| 71
12 950 | -0.023| 0.9] 99§ 950 0.229 20 9 50 0.895 8§91 g950 | 1418 | 26| 73
13 1000] -0.022] 0.9] 99§ 1000 0.302 20 9 1000 0.96830 90 § 1000 1.459| 29| 70
Table 3 Shows the Load Voltage (Yand Hall Voltage relation for the sampleg #0 Dy, .
Sample A, Sample B, Sample G, Sample D,
s/n | Vi (Volts) Vy (mV) | Vi (Volts) | Vy (mV) | V| (Volts) Vy (MmV) | VL (Volts) | Vy (mV)
1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2 0.50 3.90 0.50 4.20 0.50 4.00 0.50 3.50
3 1.00 7.80 1.00 8.10 1.00 7.90 1.00 7.10
4 1.50 11.8 1.50 12.2 1.50 12.0 1.50 10.7
5 2.00 15.7 2.00 16.1 2.00 15.9 2.00 14.3
6 2.50 19.7 2.50 20.2 2.50 20.0 2.50 17.9
7 3.00 23.6 3.00 24.1 3.00 23.9 3.00 215
8 3.50 27.5 3.50 28.1 3.50 27.8 3.50 25.1
9 4.00 314 4.00 32.0 4.00 31.6 4.00 28.7
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Fig1:Graph of (hv)zagainst energy for sample A,

Fig 2: Graph of (hv)’ against energy for sample B,
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