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ABSTRACT

Thin films of lead sulphide have been grown by civaimbath deposition method, using triethanolamise
complexing agent. The films were deposited on Imtifaces of the glass substrate at deposition tivéhours. One
sample was kept unannealed while one was annedlaénmperature of 150°C for 1 hour in an electricermv
Visible/Ultraviolet spectrophotometer, model 640%swutilized to measure the transmittance and tafiee of each
sample at various wavelengths. Also, the samples steidied with the use of optical microscope aodn8ing Electron
Microscope. The effect of annealing on transmitéaand reflectance of chemically deposited leadhédépthin film were
then studied. It was observed that higher valuesrasfsmittance and lower values of reflectance vadrgined from
annealed sample when compared with the unanneatepls. The average grain size in the unannealedwiis estimated
to be 1.3um while that of the annealed film wasnested to be 2.5um. such increase is attributeth@ograin growth
during annealing. The high values of transmittaand low values of reflectance are also attributedhe absence of
precipitate on PbS after annealing. Hence the stadlgals that annealing has effect on grain siamsmittance and

reflectance of the films.
KEYWORDS: Microstructural, Chemical Bath

INTRODUCTION

Lead sulphide is a chalcogenide with a direct bgad of 0.41 eV and has a cubic structure. Owingh&r
suitable bandgaps, PbS thin films arigely used in infrared detectors. Lead sulphidsugable for the detéion of the
radiation between wavelengths 1 andu®.The use of very thin chemically deposited Pb® filims as solar control
application have been discussed by many resear¢Nais et al 1989). Chemical bath deposition (CB®)Yne of the
standard methods used for preparing PbS (Gadasé 1€994; Popa et al2006). This method is less esipeneasy to
handle, allowing deposition of films on a largeaarAlthough many investigations &bS thin films deposited by Chemical
Bath deposition techniques have been carriedlomtas found out that not much results are reploote structural attributes
of the films and their correlation toother depasitproperties. Keeping in view all theseaspect®xperimental study on

the structural characterization of chemically déjeolsPbS films has beandertaken.
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METHODOLOGY

The solution for deposition of lead sulphide thimfon both surfaces of glass substrate (microsceliie) were
constituted from aqueous solution of 1.0 mole aflldcetate, 1.0 mole of Thiourea (TU) and 1.0 nigieEthanol Amino
(TEA). Sodium hydroxide (NaOH) was added to thaisoh to give a PH value between 9 and 10 to theital bath.
The concentration of the reagents, pH (betweendd1@) and temperature of 25°c were considereddposition time of
4hrs.There was slow release of’Phnd $' ions in solution, which condensed on the optidakg slides that were
immersed vertically on the wall of 50ml beaker @iming the solution. The deposition of PbS occuhemvthe ionic

product of PB" and $" exceeds the solubility product of PbS.
The formation of PbS thin film involves the follawg chemical reactions.
SC (NH),+ OH CHN, + H0 + HS
2HS+20H2HO + S
P + S'PBS

The glass substrates were removed from a speeificdfter 4 hours deposition time. One sample wasaled in
electric oven at 15€ for 1 hour. The transmittance and the reflectasfcthe samples were measured using a UV/VIS
spectrophotometer model 6450 in the wavelengthedh80 and 0.7 pm. The microstructures of the filmese studied
using optical microscope (model JOM6310) with aecing voltage of about 15 kV. The surface morpgpl was
analysed using Scanning Electron Microscope (m@te20 SEM).

RESULTS

Observation shows that higher transmittance vatwmesobtained from annealed sample when compardwsvit
prepared sample. This could be as a result of imgatenicrostructure of lead sulphide after annealiftge transmittance
increased with increasing wavelength. The filmsvad less transmittance in the UV region. The cati@h between
transmittance of annealed samples was done by lisar regression function in Excel Spreadshebe fieading was
plotted on the graph with the reading of transmiteaof unannealed sample on horizontal x-axis angéaed samples on
vertical y-axis. When trend line using linear leaquare was plotted, the correlation equation y=%81.1604x was
obtained. The curve of variation of reflectancehwitavelength for unannealed sample of PbS appedrs inverse of that
of annealed sample.The correlation between refieetaf unannealed sample and annealed sample seadaie by using
linear regression function in excel spreadsheeg. rElading of reflectance of unannealed sample Vae@ on horizontal
x-axis and annealed samples on vertical y-axis.|&ast square prediction line for reflectance cdnmealed and annealed
samples is y=1.2183 + 0.2401x.
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Figure 1: Variation of Transmittance with Wavelength of as Prepared and Annealed PBS Samples
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Figure 2: Variation of Reflectance with Wavelengthof as Prepared and Annealed PBS Samples
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Figure 3: Optical Microscopy of Unannealed Sample
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Figure 4: Optical Microscopy of Annealed Sample
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Figure 6: Surface Morphology of Annealed Pbs Sample

Figure 3 show the optical micrograph of unanne&®® sample. The micrograph showed that the clusfers
precipitates cover the surface of the depositiaggurié 4 revealed the optical micrograph of anne&b8 films. From the

micrograph, etch pits are obvious because thare gecipitate as a result of annealing.

Figure 5 illustrates the surface morphology of ureated PbS films which show the effect of a poorlstalline
and adhesive film. Effects such as fracture andtefs of precipitates with other associated defeete observed. Figure
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6 illustrate the surface morphology of PbS thirmfil The micrography shows the formation of new nyain a
recrystallized region. It shows less dislocationgdty. It is clear from this figure that the avegagyain size in the annealed
sample is greater than as prepared sample. SEMIsctyet the average grain size in the preparsuviiis estimated to be
about 1.3um while that of the annealed film wasnested to be about 2.5um.The annealed PbS filmbgemwed to
compose of homogeneous crystalline arrangements ®bservation supported the result obtained showigder
transmissivity and lower reflectivity values forammealed one. Annealing the films results in edalegrains (grains of
roughly equal size). There are gaps observed bativeegrains which could be as a result of incotep@gain growth.
The gaps are areas full of dislocations and vaean@rain size is a strong function of the growdhemeter like annealing
temperature, substrate temperature and depos#tenincreasing grain size after the growth is radiyraccomplished by
annealing.Also, high values of transmittance and l@lues of reflectance of the annealed sampldtitbated to the

absence of the precipitate on the surface of thwka
CONCLUSIONS

Conclusively, the high values of transmittance dmd values of reflectance of the annealed sampleewe
attributedto the absence of the precipitate onstimeace of the sample. The SEMstudies indicatetl tttexe was grain
growth during the annealing process. This resuttqublycrystalites with larger grain sizes compawéth the grain size of
the as prepared one.The optical microscopy and 8fdvbgraphs revealed the microstructure of thedilwhich support
the results of transmittance and reflectance. Thieselts have led to considering chemically depdsi®bS films as
potentially important for photo-conductive and phailtaic application.This study also revealed tanbealing has effect
on grain size, transmittance and reflectance offithes and consequently influence the optical préipe of chemically

deposited lead sulphide thin films.
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