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ABSTRACT

The bi-layer thin films of PbSe were prepared by successive coatings of
Lead and Selenium layers by thermal evaporation technique. The tempera-
ture of the substrate was varied from low (0° C) to high (100°C) and its
structural, optical and electrical propertieswere studied using XRD, UV and
Hall measurement system respectively. X-ray analysis exhibits the poly-
crystalline nature of the prepared films with cubic structure. Therelatively
strongest intense peak corresponding to (2 0 0) plane for PbSe was investi-
gated. The optical study reveals that the absorption edge starts with lower
wavelength and indicates the formation and presence of PbSe nanoparticle
at theinterface of Lead and selenium layers. The cal culated band gap values
vary from 3.35t0 3.75 eV which ismuch larger than the bulk band gap value
of PbSe material. The scanning el ectron microscopic images show the sur-
face morphol ogy of the Pb-Se bilayer films and the nano needle like struc-
ture was observed on low temperature substrate films. The carrier concen-
tration and mobility of the filmsvaried from 3.244X 10" cmr2to 107X 10" cn
2and 0.197X10%cnm?/Vsto 23.17X10'cm2/V s respectively. The sheet resis-
tance of thefilmsvaried from 0.416 to 3.198X 10°Q)/sq and the resistivity also
reported in this paper. © 2011 Trade Sciencelnc. - INDIA
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INTRODUCTION

Thin films of semiconducting Nanocrystals are
emerging asanimportant class of materialsfor elec-
tronic and optoel ectronic devicessuch asfield emis-
siontransistor, Photo detector, Thermal images, Light
emitting diodesand Solar cells. Among thegroup I V-
VI compounds, Lead Selenide (PbSe) thin filmsare
used asatarget materid ininfrared sensor grating, lenses
and various optod ectronic devices*®. Also theuse of

thin film polycrystaline semiconductors has attracted
muchinterest inan expanding variety of gpplicationsin
variouselectronic and optoel ectronic devices. There
wereintereststo introduce PbSe compounds by many
researchers. Many researchersreported that doping IV-—
V| semiconductorswith variableva ues of dementsre-
sultsin appearance of arange of unusual effectsthat
arenot characterizing theundoped materid(®. Many of
sgnificant advances havetaken placeinthefied of solid
state science and technol ogy in recent yearsdueto the
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ability to prepare not only structurally and chemically
pure crystalsbut a so crystalswith acontrolled impu-
rity. Lead Selenide has cubic crystal structure and a
direct narrow band gap of 0.27 eV at room tempera-
ture. It doesnot require cooling but performs better at
low temperature. Various methods are employed for
depositing PbSe thin films such as Chemical vapour
Deposition (CVD), Physica Vapour Deposition (PVD),

Molecular Beam Epitaxid growth method etc. Among
thesemethods Thermal evaporationisthemost widely
used techniquefor thedeposition of metals, dloysand
also for many compounds. In this present work, we
report the effect of substrate temperature on thefor-

mation of PbSebi-layersthinfilm prepared by thermal

evaporation technique. The various characterizations
such asstructurd, optica, morphologica and dectricd

were employed and discussed.

EXPERIMENTAL

The Pb-Sebi-layer thin filmswere prepared by
heating individua meta compound of Lead and Sele-
nium powders. Thewell cleaned Siliconwafer (10
0), p-type and glass slide was used as the substrate.
Theinitial compound of Lead and Selenium were
placed in the Mol ybdenum boat (200A°) and evapo-
rated by heating the source materialsat the vacuum
pressure of 10° torr. Thetemperature of the substrates
sayslow (0°C), ambient (30°C) and elevated (100°C)
werevaried during thetime of deposition. Thethick-
nessof thefilmsismaintained at ~<500A°for Pb and
~500A°for Seand wasmonitored by the Quartz Crys-
tal thickness monitor. The constant rate of evapora-
tion ranging 1-3A°/sec ismaintai ned throughout the
experiment. For preparing thefilmsonlow tempera-
ture substrate the cold finger was used in which the
substrates were attached. The X-ray analysisof the
filmscarried out using Shimadzu X RD-6000 X -ray
Diffractometer (XRD). Herethe PbSefilmswere ex-
posed to Cu Ka source and the scattering angleswas
10-90 degrees. The optical studieson the Pb-Se bi-
layer films analyzed using UV-VIS spectrometer
(Jasco-570 UV/VIS NIR Spectrophotometer) inthe
range of 200 to 2000 nm. The surface morphology
and electrical characterization of the prepared films
identified using the Scanning e ectron micrascope (JSM

6390) and Hall measurement system (EcopiaHM S-
3000) respectively.

RESULT AND DISCUSSION

Sructural studieson Pb-Sebilayer thin films

X-ray diffraction technigue was employed for
studying thestructural formation of the prepared Pb-
Sebilayer filmson Si (100) substrate. The XRD pat-
tern of typical bi-layer filmsprepared at different sub-
strate temperatures are shown in Figure 1. The pre-
pared filmsoriented at (2 0 0) plane and confirmsthe
formation of PbSethinfilms. All thefilmsexhibitsthe
polycrystalline naturewith cubic sructurewasa so ob-
served. Theobserved | attice spacing (d=6.212) va ues
coincidewith standard JCPDS (card no: 89-7105) for
cubic structure. Thefilmsgrown onlow temperature
substrate have comparatively good crystaline structure
than those sampl es prepared at ambient and elevated
temperature substrate.

Intensity (arb.units)
g; L " 1

2 Theta (deg)
Figurel: XRD pattern of PbSebi-layer film on Si substrate
at different temperatures
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Theintendity of thefilmsincreased with decreasing
the substratetemperature. M.Singh et al got theamor-
phousfilmsof asdeposited Zn-Sebilayer and the peaks
arises when the prepared sample underwent the an-
nealing treatment!™. In our work we got theformation
of PbSe peakson asdeposited filmsat room tempera-
ture substrate. Theintensity of the peak corresponding
to Si (1 00) wafer and PbSe on ambient temperature
substrateisalmost equal whereasin low temperature
substrate the PbSe peak orientated at (2 0 0) havethe
highintensity thanthe S (1 00) substrate peak. This
indicatesthat theimprovement of crystallinity with de-
ceasing substratetemperature. However thefilms pre-
pared at el evated temperature substrate (100°C) not
showingthewe |l grown crystallinity of PbSefilms. In
thissample, the S (1 00) substrate peak havethehigh
intensity than the PbSe peak. Thismay happensdueto
thevolatile nature of the Seleniumwhich isdeposited
on Lead layer at the high (100°C) temperature sub-
grate. The Crystdlinesizeof theprepared filmsca cu-
lated using the Debye Scherre’sformulagiven by,

0.92
B B cosO )
Wherel isthewavelength of X-ray used (1.54A°),Bis
thefull width hdf maximum (FWHM) and 20 istheangle
between theincident and scattered X-rays. Thedidoca
tion dengty (0) isdefined asthelengthof didocationlines
per unit volumeof thecrystdl andisgiven by,

= Fyl] Peper

1

8=057 ?

WhereD istheparticlesize. Theoriginof thestrainis
dsordaedtothelatticemidfit whichinturn depend upon
the deposition conditions. Themicro strain () devel -
opedinthePbSefilmiscaculated fromthereation,
£= @ 3
where isthefull width half maximum of the peak.
Thelattice constant ‘@’ for cubic PbSethinfilmswas

cdculated usngtheformula,
1 (hP+K*+17)
g2 - a2 (4)

Whereh,k,| arethe Miller indicesof thelattice planes.
Thelatticespacing ‘d’ isca culated using Bragg relation,

2sin@ ©)
All the equations (1-5) was used to study the
structural parameterssuch ascrystallinesize, lattice
constant, dislocation density and micro strain of the
prepared PbSethin filmsand tabulated in TABLE 1.
Fromthe TABLE 1, itisobserved that thefilmspre-
pared at room temperature havethegrain sizeof 6 nm
where asthose sample prepared at high temperature
and low temperature substrate have the grain size of
20 nm and 21 nm respectively. Theincreasein par-
ticlesizeonlow temperature substratewill lead tothe
formation of good crystalline boundary at the inter-

d=4

TABLE 1: Sructural parameter sof PbSebi-layer filmsat varioussubstratetemper atures.

i, W) e Ao DRy e
oC 29.3935 1.32050 6 6.07 27 120
30C 29.1837 0.40750 20 6.11 25 1.7
100°C 29.7414 0.38280 21 6.00 2.2 1.6

facesof Lead and Selenium layers.
Surfacemor phology of Pb-Sebilayer films

Thesurfacemorphol ogy of the Pb-Sebi-layer films
ontheformation of PbSethinfilmswereemployed us-
ing scanning e ectron microscope andisillustratedin
Figure2. Inset showsthe SEM imagesof different mag-
nification of films. Thefilmsprepared a ambient tem-
perature substrate havethelittle smooth surfacethan
thosefilmsprepared at other substratetemperature. As
discussed in XRD, thesurface on elevated temperature

filmsshowsthesurfaceprofileof Si (1 00) wafer. Also
the nano needle like structure was observed on low
temperature substrate. X-ray analysisalso showsthe
improved formation of PbSefilmsat low temperature
onthesefilms. Thisnano needlelike structureformed
because of the Brownian motion betweentheLead and
Selenium layersduring thetime of deposition and the
also may be the vapour cooling condensation on the
surface. Theca culated grainsizefromthe SEM image
ishigh than the particle sizefrom X-ray analysisand
thisisdueto onegrain containsmany crystdlite.

e, P pterioly Science

Hn Tndéan g%wumé



328

Structural, optical, morphological and electrical properties on PbSe bi-layer thin films

MSAIJ, 7(5) 2011

Full Poper e

20KV X25,000 1pm

Figure2: SEM |magesof PbSebl Iayer atA) 30°CB) 100°C and C) O°Ctemperatures

Optical studieson PbSethin films

Theoptical sudiesof PbhSefilmsdepostedonglass
substrate were employed using UV visible spectrom-
eter intherange of 200-2500 nm (UV-vis-NIR). The
optica absorption of thefilmsshowsthat the edge starts
with lower wavelength (blueregion) andthisindicates
the presence of nanoparticletrapped at theinterface of
the Pb-Sebi-layer films. In addition, thedeep raiseand
fal intransmittance spectraon low temperature shows
the nanocrystalline effect of thefilms. Theextinction
coefficient can becal culated from theformula,

(Fp
In| =
k= AT 6)

4nt

Where ‘t” isthethickness of thedeposited films. The
absorption coefficient of thefilmscan beca culated us-
ingthegivenration,
a=" Q

Thenature of thetrangtion can beinvestigated on
the basi s of the dependence of the absorption coeffi-
cient with theincident photon energy hv. For direct and
indirect allowed trangitions, thetheory of fundamental
absorption leadsto thefollowing photon energy de-
pendence near the absorption edge,
acc (hy-E)" 8
Where hv and Eg are the photon and the band gap
energy, respectively. Inthisrelation, thevauesof mare
/2 and 2for direct alowed and indirect alowed tran-
sitions, respectively. Figure (3-5) showsthe plot be-
tween (ahv)? and hv for different temperature substrate.
Extrapolation of thelinear portion of the curveto (ahv)?
=0 givestheoptical band gap valuefor thedeposited
film. Theenergy band gap valueof 3.35eV wascacu-

lated on thefilms prepared at ambient temperature sub-
grateisshowninfigure3. Theinset A and B infigure 3
showsthe absorption and transmittance spectrarespec-
tively and the optically good transparency of 90% were
observed. Thebi-layer films prepared at el evated and
low temperature substrate have the band gap val ue of
3.35eV and 3.75 eV respectively (Figure4, 5). The
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Figure3: Plot between hy ver sus(ahy)?2. Inset A) absor p-
tion and B) Transmittance spectr um at ambient temper a-
turesubstrate.
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Figure4: Plot between hy ver sus(ahy)2. Inset A) absor p-
tion and B) Transmittance spectrum at elevated temper a-

turesubstrate
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Figure5: Plot between hy ver sus(ahy)? Inset A) absor ption
and B) Transmittance spectrum at low temper aturesubstrate

two transmittance peak around at 1500 nm and 2250
nm indicatest the optically transparent at near IR re-
gionshowninfigure5 (inset B). Thelnset Ainfigure5
showsthe absorption spectraof thefilmsonlow tem-
perature substrate with steep line at absorption edge
and thisindicatesthedirect allowed transition of the
prepared PbSefilms. The cal cul ated band gap values
inthispresent work aremuch larger than thebulk val-
ues of PbSemateria and aready reported values®?,

Electrical studies

Thedectrical studiesof thedeposited filmswere
carried out using the Hall measurement setup. Thein-
put current of 0.5pA and the magneticfield of 0.570
gausswere gppliedto study thedectrical propertiesof
thefilms. Thep-type semiconducting natures of thede-
posited filmsare observed form thevaueof Hal coef-
ficient with pogitivesign. TheFigure 6 showstheelec-
trical resistivity and the sheet resistance of thefilmsat
different temperature substrate.

4.0
45
~m L35

>3
\
40 A
- / L3o
35 ///
/ |25
3.0 o
// P 20
254 \ //
/ L1s
20 \ /
N
, \ 7

154
/ N g
1.0 4 " \_//

T T T T T T T T
260 280 300 320 340

Resistivity (c2-cm)

o
(bs/es zoLX) eoue)sisal }8ays

-
o

(=
o

%
=

Substrate temperature (K)
Figure6: Variation of electrical resistivity and sheet resis-
tanceof PbSe-bilayer with different temper ature substr ates.
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It is observed that the sheet resistance wasin-
creased with increasing the substrate temperature.
Thesimilar effect was observed by J.H.Kimet al for
filmg, The maximum sheet resistance of 3.6x10?
Q/sqwasobserved at €l evated temperature substrate.
Low temperature and ambient temperature substrate
havethevaluesof 0.4 x10? Q/sgand 2.4 x 10° Q/sq
respectively. Theelectrical resistivity of the depos-
ited films decreased from low to ambient substrate
temperature and again increases with increasing the
substrate temperature. The carrier concentration and
mobility of thefilmsasafunction of substrate tem-
peratureareshownin Figure 7. The high carrier con-
centration value of 110x10% cm was observed on
low temperature substrate where as the films pre-
pared at ambient and el evated temperature substrate
havethe carrier concentration values of 4x10' cm?
and 7x10" cmr?respectively. The high carrier con-
centration on low temperature substrateisdueto the
un attached charge carriers freely moving due to
Brownian motion. The high mobility of 230 cm?/V's
was observed at ambient temperature substrate and
isshowninfigure. It isconcluded that even though
the e ectrical studiesof thefilmsprepared at ambient
and elevated temperature havethe better resultsthan
the low temperature prepared films, the
nanocrystalline and orientation phase of PbSefilms
on low temperaturefilmsarefound to be good from
XRD, SEM and UV studies. Theimproved electrica
properties on ambient and el evated temperature sub-
strates are not fully the formation of PbSe but also
the effect of Selenium and Si (1 0 0) substrate as
described in X-ray diffractogram.
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Figure7: Variation of carrier concentration and mobility of

PbSebi-layer at different temperature substrates
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CONCLUSION

It isconcluded that PbSe can be prepared by bi-
layer structure of Pb and Sethinfilms. Theformation
of PbSe confirm by X-ray analysiswith lattice con-
stant (a=6.121A°) and preferred strong orientation
peak at (20 0) plane. Alsoit isinvestigated that PbSe
can perform better at low temperature substrate. The
nanocrystalline effect of thefilmsat Pb and Seinter-
face was observed from the absorption and transmit-
tance spectra. The nano needle like structures ob-
served from SEM images showsthe possibility to
prove quantum confinement effect in thefuturework.
Thehall measurementson prepared filmsfound to be
p-typein nature.
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