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ABSTRACT

Lead selenide (PbSe) thin films were depositedlassgsubstrates using chemical bath depositionnigete. The
films growth was based on the decomposition of féadte and selenium sulphate in the presencenohania and
EDTA disodium salt acting as pH stabilizers and plaxing agents respectively. Optical and morphatabi
investigations were also performed. The deposited(PbSe2) has the highest absorbance at wavdieragtge of
300nm — 500nm. The optical absorbance generallyedses with increase in wavelength. The opticaldogap of
the deposited film was found to be 1.18eV.
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INTRODUCTION

A material is said to be a thin film when it is buip as a thin layer on a substrate by contratieddensation of the
individual atomic, molecular or ionic species eitldirectly by a physical process or through a cloatnior
electrochemical reaction. Otherwise, it is a thiibk. [1]. Various processing routes, both physieald chemical
deposition techniques have been utilized to prepeae selenide thin films, including electrodepiosit[2],
chemical bath deposition [3], electrochemical amhaifer epitaxy[4], photochemical[5], molecular beapitaxy[6]
and pulsed laser deposition method[7]. Among theésechemical bath deposition method was choseanadeal
preparation method for preparing lead selenidefilmrs basically due to its low deposition temparat simple, no
requirement of sophisticated instruments and minimmaterial. Up-to-date, chemical bath depositiothoé@ has
been successfully used to deposit many differeimt films including Fe$ [8], PbS[9] , CuS[10] , SnS[11],
CwSnSg[12] and CulnS2[13].

PbSe is an important semiconducting material angl Ib@en extensively investigated for infrared deisct
photographic plates, photodetectors, photoresistodsphotoemitters in the infrared (IR).It also laaglication in
solar cell technology [3,6,11,13]. Lead selenidm fis used as a target material in infrared serg@ting, lenses
and various optoelectronic devices.

The present work reports the optical charactedmabf PbSe thin films prepared using the chemiwath
deposition method. The chemical bath contains fe@mdte and selenium sulphate which providé'Rimd S& ions,
respectively, while EDTA acted as a complexing ag@/e report the influence of EDTA on the thickne$ghe
fabricated PbSe thin films at 300K bath temperature

980
Pelagia Research Library



Ezenwal. A. Adv. Appl. Sci. Res., 2012, 3(2):980-985

MATERIALSAND METHODS

PbSe thin films are prepared on glass substrategusie chemical bath deposition (CBD) method. Thsid
principle of the CBD technique consists of thetoolied generation of the metal and chalcogenides i an
alkaline medium and their precipitation on the $rete in order to form a film. In the present cabe, lead ion
(P*") is generated by the decomposition of [Pb(EDTRdomplex. The Seions are generated in alkaline medium
by decomposition of the selenium precursor whicBaSQ. The pH of the solution was adjusted by the us&0éb
ammonia (NH).The deposition bath was prepared as follows: M.6f Pb(NG), solution was measured into 5
different 50ml beaker and to this was added 5n®.6M of SeS04, various volumes of 1M EDTA disodiaait
was then added (as indicated in table 1.1) in diheptimize the deposition parameters to obtaimdgguality thin
films. The mixture was made up to the required ra@uwith addition of various volumes of water. Nias used
for pH adjustment. The resulting solution wasrstlrfor a few seconds with a glass rod stirrer.l#sg slide was
inserted in the reaction bath and held verticallrisynthetic foam cover. The deposition procesteth24 hours at
a deposition temperature of 300K. After 24 houns, $lides were taken out, rinsed with distilledevatnd allowed
to dry in air.

The Optical absorbance spectra of the depositedsfilvere obtained by means of UV/VIS Janway 6405
spectrophotometer. Surface morphology of the thinsf deposited on glass substrate were examinea BMZ —
UMA Olumpus optical microscope. From the spectaipmeter, the absorbance in arbitrary units wassoredal.
Parameters such as transmittance, reflectancectiefe index and extinction coefficient were thetcalated using
the relationship explained below:

For weakly absorbing thin film on a non absorbingstrate, the transmittance (T) can be expressgidihs
T=1-R)exp (at)

t=1a{ln (1-R)/T}

where R is the reflectance, is absorption coefficient, t is the thickness bé tfilm. For semiconductors and
insulators, where the extinction coefficient (k)darefractive index (n) are related as << rf, the relationship
between R and n is given by [15] as

R = (n-1§/ (n+1f

Also k anda are related by

K=aA/4n

Where), is the wavelength of electromagnetic radiation.

In high absorption region under photon energy,ridation between absorption coefficien) @nd photon energy
(hf) is given by [16]:

o = (hf-Eg)’

Where f is the frequency, h is the Planck’s corstéiy is the energy band gap and n is a numberhwhic
characterizes the optical processes; n= ¥z is fectallowed transition, n =2 is for indirect alled/transition and n
=3/2 is for forbidden direct allowed transition. Wththe straight portion of the plot et against hf is extrapolated
to «® = 0, the intercept gives the value of the traositiand energy (Eg).

The equations governing the reaction and depositidtbSe films are as follow:

Pb(NQ), + TEA — [Pb(TEAF' + 2NO;

[Pb(TEA)P* -~ PB*  + TEA
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SeSQ + OH R HSé + SQ*
PEF*+ Sé — PbSe

The presence of Pband S& ions lead to formation of PbSe.

TABLE: 1.1
SlideNo. Dip time(hr)] 0.5M SeS@ml) | EDTA | Ammonia solution(ml)
1. PbSe(1) 24 5.00 1.00 5.00
2. PbSe(2) 24 5.00 2.00 5.00
3. PbSe(3) 24 5.00 3.00 5.00
4. PbSe(4) 24 5.00 4.00 5.00
5. PbSe(t 24 5.0C 5.0C 5.0C

RESULTSAND DISCUSSION
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Fig. 1. Plot of thickness versusvol. of complexing agent for lead sulphide thin film
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Fig. 2: Plot of absorbance versus wavelength for lead sulphidethin film
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Fig. 3: Plot of transmittance versus wavelength for lead sulphide thin film
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Fig. 4: Plot of reflectance ver sus wavelength for lead sulphide thin film
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Fig. 5: Plot of refractive index ver suswavelength for lead sulphidethin film
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Fig. 6: Plot of absorption coefficient squared ver sus photon energy for lead sulphide thin film

Fig. 7: optical micrograph of lead sulphide thin film

Figure 1 shows the plot of thickness versus voluheomplexing agent. Fig.1 indicates that thicknesseased
from about 0.91gm to about 0.923m with 1mls to 3mls volume of complexing agent.4ktls and above volume
of complexing agent, the thickness of the film tetéto decrease. This indicates that as compleagiegt increases,
the thickness decreases.

Figure 2 and 3 shows the plots of absorbance ramdrittance versus wavelength of PbSe thin fileysodited in

this work. The absorbance generally decreased iwilfease in wavelength and has relatively low valurethe
infrared region of the spectrum. A strong absorpiias observed at wavelength range of 300nm — 508@ente
the film has potential application in fabricatiohsolar cell.

The transmittance spectrum displayed in figure 8wslincrease in transmittance as the wavelengtheasss,
sample PbSel has about 80% transmittance througth®WwV/ VIS/NIR regions. The very high transmitta in

the visible region makes lead selenide films usaédthetic window glaze materials. Also, the higim¢mittance of
the film makes it suitable for solar energy coliestbecause if coated on the surface of the caliedtwill reduce

reflection of solar radiation and transmits radiatio the collector fluid.

Fig. 4 shows a plot of reflectance index (R) versaselength of films PbSe3 and PbSe4. Generallyhallfilms
show a very low reflectance through out the UV/\WHBR region. This low reflectance value makes lealptside
thin film an important material for anti-reflectimoating.

Fig. 5 shows a plot of refractive index (n) verphston energy (hv) of films PbSe3 and PbSe4. Thraativeindex
(n) of the films increases with the photon enemgyerling a refractive index of 2.5 at 900nm for tive samples.
This result revealed that PbSe has high refradtidgex. The high refractive index possessed by Ri@s made it
suitable for use as anti-reflection coatings.
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Fig. 6 shows the optical micrograph of PbSe filmheTBurface morphology of PbSe thin film shows highsity of
grains. The high density of these grains implieg the nucleation has occurred on all sites. Itxshoniformity in
the distribution of the grains, the grains are $mwadl regular.

Fig. 7 shows a plot af? versus photon energy (hv) of PbSe thin films. &hergy gaps for these films are obtained
by extrapolating the linear part of the curve te #nergy axis. It is observed from the figure thbBSe thin film
exhibits direct band transition and band gap @BJV is obtained. This is in close agreement witte finding
[17], who reported a band gap of 1.30eV and [8ip reported a band gap range of 1.5eV-2.2 eV.

CONCLUSION

The PbSe thin films have been prepared by the a#rmath deposition technique under optimized dépas
conditions. Deposition was carried out from aquesalstions using lead nitrate and selenium sulphateb* and

Sé ion source, respectively. The optical micrograpPloSe film shows that the surfaces of the leadrieéé films

are dense. It shows uniformity in the distributminthe grains .1t consisted of regular shaped gtaline PbSe thin
films exhibited direct band gap transition with Hagap energy of 1.18 eV.

REFERENCES

[1] F.l. Ezema,.Jour. Res. SciVol. 15,(2004) p.343.

[2] Molin, A.N. and A.l. DikusarThin Solid Films265: (1995) p. 3-9.

[3] Grozdanov, I., M. Najdoski, and S.K. Deyaterials Letters38, (1999) p. 28-32.

[4] Vaidyanathan, R.., J.L. Stickney, and U. Hapgglkctrochimica Acta49, .( 2004)1321-1326.

[5] Zhu, J.J., X.H. Liao, J. Wang, and H.Y. Chbfaterials Research Bulletii36, (2001) p.1169 -1176.

[6] Gautier, C., G. Breton, M. Nouaoura, M. Camb@, Charar, and M. Averoudhin Solid Films.315,
(1998)p.118-122

[7] Rumianowski, R.T., R.S. Dygdala, W. Jung, andB&la.Journal of Crystal Growth252,(2003) 230-235.

[8]. Anuar, K., W.T. Tan, N. Saravanan, S.M. Hoda®.Y. Gwee.Pacific Journal of Science and Technology
10(2),(2009)p. 801-805.

[9]. Larramendi, E.M., O. Calzadilla, A.G. Arias, Hernandez, and J.R. Garcighin Solid Films.389, (2001).
p.301-306.

[10]. Lu, Y.J., S. Liang, M. Chen, and J.H. Jdaurnal of Functional Materials39, (2008) p.1894-1896.

[11]. Avellaneda, D., M.T.S. Nair, and P.K. Naithin Solid Films517,(2009) p.2500-2502.

[12]. Anuar, K., W.T. Tan, S. Atan, Z. Kuang, MHaron, S.M. Ho, and N. Saravandsian Journal of Chemistry
22,(2010).p. 222-232.

[13]. Cui, F., L. Wang, Z. Xi, Y. Sun, and D. Yanipurnal of Materials SciencéViaterials in Electronics 20,
(2009). p.609-613.

[14] M. Theye.Thin Film Technology and Application in Optical Pexties of Thin FilmsK. L. Chopra and L. K.
Malhota (eds) , Tata McGraw-Hill, New Delh{1985) p.163.

[15] I. C. Ndukwe Sol. Ener. Mater. and Sol. Celisl. 40, (1996), p.123.

[16] J. I. PankoveOptical Processes in SemiconductdPsentice-Hall, New York(1971).

[17] N.A. Okereke, A. J. Ekpunohlournal of Ovonic Researd¥ol. 6, No. 6.(2010).

[18] Ishiwu S.M.V. & Nnabuchi M.NJournal of Ovonic Researdfol. 6, No. 2,(2010) p. 81 — 86.

985
Pelagia Research Library



