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ABSTRACT

This paper reports the growth of As,S, thin films on amorphous glass
substrates by Chemical Bath Deposition (CBD) method at different bath
temperatures. Thefilmswere deposited over deposition temperature range
283 to 333K .The effect of bath temperature on structural, electrical and
optical propertieswas studied. The X-ray diffraction studies showed that
films deposited below 303K are amorphous and becomes polycrystalline
with monoclinic structure above. The dependence of growth rate and
conductivity on the deposition temperature was studied. A blue shift of
0.4eV is observed in optical band gap energy of AsS, which supports
Quantum size effect that takes place due quantum confinement of elec-
tronswith diminishing size of crystallites. Activation energy was found to
decreasefrom0.23t0 0.11 eV withincreasein filmthicknessfrom 67 to 265
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INTRODUCTION

Nanostructured semiconductor thinfilmsareim-
portant in nanotechnol ogy dueto their size dependent
outstanding el ectrical optical and structural properties.
Duringthelast decadethereisconsiderableinertestin
these size dependent properties®l. The size depen-
dent propertiesarerealized when thebulk materials
arereduced below acriticd sze, typicdly in nanometer
range. For semiconductorsthistransition occurswhen
particle sizesare comparableto thede Brogile wave-
length of the electron®. Theincreasein surfacearea

and surfacefree energy with decreasing particlesizeis
respons blein changing many properties. Using these
aspectsthefield semiconductor technology israpidly
developing by producing new type of componentsfor
electronic and optod ectronic devicessuch aslikeca
talysig¥, resonant tunneling devices® and solar cellg”.
Thissemiconductor nanostructure physicsisoneof the
frontier areas of researchin condensed matter physics.
Arsenictrisulphide (As,S,) filmshavedrawn wideat-
tention of the scientific community intheworld since
last to decades because of varioususeful properties. It
isatechnically important binary semiconductor mate-
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rial with 2.2 eV® energy gap and good transparency
inthe0.7-11-pum wavelength range. It has number of
applicationsin various el ectronic and optoel ectronic
devices, optical imaging, and hologram recording®
1] Several chemical techniqueshave been used to de-
positAs S, thinfilmsincluding spin-coating™, solution
gasinterfacetechnique®®, chemica bath deposition™*
18l and successiveionic layer adsorption and reaction
(SILAR) method™™. The chemical bath deposition
method is particularly useful for continuousdeposition
of thinfilms. Itisabottom up processinwhich atoms,
ions, moleculeseven nanoparticlesthemsalvesactsas
building blocksfor the creation of thinfilm. Uniform
and highly oriented surface morphologiesof filmsde-
posited using disclosed embodiments areclearly im-
proved compared to films deposited by aconventional
process. Thetechnique can be used totailor the com-
position and morphology of thedeposited material de-
pending on varioustypes of substratesand deposition
parametersat low temperature. In technology revolu-
tion inexpensive and flexibleintegrated circuitsare
needed. One simpleway of makinginexpensiveand
flexibleintegrated circuits, isto fabri cate semiconduc-
tor deviceson flexible polymeric (any shapeand size)
substrates at low temperature. Chemical bath deposi-
tion (CBD), isapowerful method with the constituent
ionsdissolvedinawater solution, can beused to de-
posit epitaxial semiconductor layersat low tempera
tures. Thegrowth ratein CBD method can be adjusted
by varying the concentrations of theion sources, usng
appropriate complexing agents, temperature of bath and
combinations of such parameterd*®. Thefilm forma-
tion takes place when the ionic product exceedsthe
solubility product (IP>SP). Thisresultsintheforma-
tion of precipitatein the solution and producesfavor-
able condition for nucleation. The deposition of
nanostructured thin filmsby chemical bath technique
from aqueous solutionisasimplest and most economi-
ca way, asit doesnot require any sophisticated instru-
ments. Lokhande et al.l*4%® have reported solution
growthof As,S, filmsfromacidic and akalineagueous
baths, and optimized various parameters such asAs**
and & ion concentration,volumeof complexing reagert,
depositiontimeand deposition temperature. Thefilms
deposited from EDTA complex akainebath wereuni-
form, smooth, and compact, and thefilmthicknesswas
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between 0.3 and 0.4 mm. The films deposited onto
glasssubgtratesfrom an acidic sodium thiosul phatebath,
using EDTA asacomplexing reagent wereamorphous,
with an optical band gap of 2.36 eV and aresiftivity of
the order of 10° Q-cm. Maneet al.[*¥ have deposited
As, S thinfilmsin agueousmedium at alow tempera-
ture (6°C) by using a chemical bath deposition tech-
nique. Theaimof thiswork isto prepare nanostructured
As,S, thinfilmsby convenient and economic sol ution
growth method, CBD inthelow temperaturerange 283
to 333K and investigate effect of thisdepositiontem-
peratureon optical, eectrica, morphologica and Sruc-
tural properties.

EXPERIMENTAL

Growth of As S, thin films

TheAsS, thinfilmswere prepared by chemical
bath deposition method. The solutions of 120 ml of
0.1 M arsenictrioxide, 30ml of 0.1M EDTA and 120ml
of 0.2 M sodium thiosul phate were prepared in ague-
ous medium. Before deposition cleaning of glasssub-
strateisavery important step in CBD method. The
glass substrateswere boiled in chromic acid for two
hoursand then kept init for 48 hours. These slides
were then cleaned with dilute hydrochloric acid fol-
lowed by detergent and ditilled water and finally dried
inAR grade acetone.

Toobtain deposition of As,S, thinfilm, 120 ml of
0.1 M arsenictrioxide solution wastakenina200 ml
capacity glassbeaker andtoit; 30ml of 0.1M EDTA
solution was slowly added with constant stirring. To
thismixture, 120 ml of freshly prepared Na,S,0, was
added dowly with constant stirring. The pH of find so-
lution was adjusted to 3. The solution wassstirred for
few seconds and then transferred into another beaker
containing cleaned glasssubstrateskept verticdly. The
bath colour was changed to pale yellow within five
minute. Thedepositiontemperaturewasvaried between
283 and 333 K however 40 min depositiontimewas
kept constant. At every deposition temperatureduecare
wastaken that temperature of reacting solutionsbefore
and after mixing was same. After film formation, they
weretaken out of the bath, washed with double dis-
tilled water, and preserved inairtight contain
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Characterization

Thicknessof thefilmsisoneof themost important
parameter sinceit largely affectsthe propertiesof the
film(2>. 2, Thethickness of thefilm with high accuracy
can bemeasured by obtai ning interference dueto two
optical flat reflecting surfaces, one of them supporting
the film and other flat in contact with film surface
(Tolansky’s method)i?3. The layer on whichinterfer-
enceisformed iswedge shaped air gap between two
asurfaces. Thearr filmisilluminated withapardld mono-
chromatic beam of light at normal incidence. Thetwo
adjacent fringesaredigplaced a thesteof thefilm step.
Thefilmthicknessiscdculated by usngtheformula,
t= — XE (@]
WhereL isthefringe spacing, AL is displacement of
fringeand is the wavelength of monochromatic light.

Thestructural propertiesof As,S, thinfilmshave
been andyzed by X-ray diffraction (XRD) using CuKo.
radiation of wavelength 0.154 nm with Phlips 1710
diffractogram. Themicrostructureof theAs,S; thinfilms
onglasssubstratewas studied by usngaScanning el ec-
tron microscope JSM 610. Theoptica absorptionwas
studied by using UV-VIS-NIR Spectrophotometer
Hitachi330. Thedark electrical resstivity of As,S film
was measured using two-point dc probemethod. A sil-
ver pasteis applied for good ohmic contact toAs,S,
thinfilm. Theareadefined was 0.5 cm?.

RESULTSAND DISCUSSION

Thefundamental principlein CBD processisthat
inorder to precipitate acertain compound from asolu-
tion, itsionic product (1.P) must exceed the solubility
product (S.P). Whenthisconditionissatisfied, thethin
film of aspecific compound isformed on the substrate
surface by the process of atom by- atom, molecule-
by-molecule, andion-by-ion or cluster-by-cluster con-
densation. The gppropriate complexing agent isalways
added to control the preci pitateformation and thereby
resulting to deposition of thinfilmsonaparticular sub-
strate. As, S, thinfilmswere prepared by decomposi-
tion of sodium thiosulphatein anacidic bath containing
anarsenic salt and asuitablecomplexing agent EDTA
whichdlowsdow reeaseof solublespeciesofAng’ln

flano Soienoe and flano Teohnology

the medium. The deposm on processis based on the
dow rdesseof As3t and 2~ ionsinthesolutionwhich
then condense on the substrates which were suitably
mounted in the solution. The deposition of As,S; oc-
curswhen theionic product of As3* and S2~ exceeds
the solubility product of theAs,S, Many workerg'*2
24 have proposed reaction mechanism for theforma-
tionof As S, thinfilm by using thioacetamide and so-
diumthiosulphatein an acidic and akalinebath. The
formation of As,S, inthe present case can be described
onsimilar line. Inthebeginning arsenictrioxideisdis-
solvedindistill water withthehelp of HCL as,

As,0,+ HCL —2£ 5 2A<CI, +3H,0 ¥
In aqueous solution Na,S,0, dissociates as,
Na,S,0, — 2Na*+S,0% ©)

Na,S,0,isareducing agent by virtueof half cell reac-
tion,
6S,05” — 3S,02 +6€ 4)

Inacidic medium dissociation of S,02” takesplaceas,

3S,02 +3H" - 3HSO,+3S (5)
Theéelectronsreleased in equation 2 react with Sas,
3S+6e” — 3S* (6)

With theaddition of Na,EDTA, As* forms acom-
plex as
As* +Na,EDTA — As*(Na,EDTA) @

TheEDTA complex of As* from solution reectstogive
AsS;thinfilmsas,
2As* (Na,EDTA)+3S” — As,S, +2(Na,EDTA)(8)
Thedependence of growth rateon depositiontem-
peratureisshowninthefigure 1. Therate of deposition
increaseswith temperature. At 283 K, therate of film
growthisdow (1.67nm/min.) and termina filmthick-
nessof 67nm attained after 40 min. However, at 333K
thegrowth rateishigher (6.63nm/min.) and aterminal
film thickness of 265nm is attained after aperiod of
40nm. At higher temperaturethe kinetic energy of the
ionsreleased is higher which increasesthe chance of
i nteraction between them and the resulting condensa-
tion at the substrate surfaceé®!. It reveal sthat deposi-
tionrateislowered at lower temperature. Thefilms
deposited at lower growthrate at low temperaturesare
moreadhesiveand specularly reflective asthat of films
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TABLE 1: Effect of deposition temper atureon different propertiesof As,S, thin films.

Sr. Sample Deposition Film Growth rate Grain size Resistivity x 10* Activation Band gap
No. b temperature (K) thickness(nm) (nm/min.) (nm) (2 cm) energy (eV) energy(eV)
1 A 283 67 1.67 - 78.1 0.23 2.60

2 B 303 99 2.47 31.7 0.2 2.53

3 C 313 142 3.55 34 21.3 0.17 2.44

4 D 323 186 4.65 6.2 13.2 0.13 2.26

5 E 333 265 6.63 135 7.5 0.11 2.20
7
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Figurel: Variation of growth rate(nm/min.) of As S film
with deposition temper ature(K).
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Figure 3: Variation of log (p) vs. T x 10° (K™) for As S,

filmswith different thickness: 67nm, 283 K ; (B) 99nm, 303
K; (C) 142nm, 313K; (D) 186nm, 323K ; (E) 265nm, 333K .

deposited at higher temperature. The dissociation of
the complex and anion of thecompoundishighly influ-
enced by thetemperature. Thedissociationrateismore
at higher temperature and gives more number of As*
and $* ionswhich enhancesthe growth rate
Structurd identification of As S, filmswas carried
out with X-ray diffractionintherange of angle 20 be-
tween 10to 80° Figure 2 showsthe XRD patterns of
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Figure 2 : X-Ray diffraction patterns of As,S; thin films
deposited at variousdeposition temper atures: (A) 67nm, 283
K; (B) 99nm, 303 K; (C) 142nm, 313K; (D) 186nm, 323K
(E) 265nm, 333K.

As,S, thinfilms deposited at various deposition tem-
peratures. The observed broad hump in XRD pattern
isdueto amorphousglass substrate. The patterns show
that thefilmsdeposited above 303 K temperature are
nanocrystalline and comparison of the observed d val-
ueswith standard d valuesof As, S, showsgood agree-
ment, indi cating monodlinic structuré®, However films
deposited at |ower temperature showsamorphous na
tureindicatingtiny crystdlinity. Theexistenceof thechar-
acterigticdiffraction linescorrespondingtothe (10 1),
(201),(111),(3112),(204),(133)and (24 3)
planesfor As,S, areclearly showninthefigure. The
crystalitesizeof thefilmswereca culated by applying
Scherrer’s formulal®7,
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Figure4: Plot of variation of electrical resistivity (p x10* Figure 5 : Variation of activation energy, eV, with film
Q cm), with thicknessof As,S, filmsat temperature 328K thickness.
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Figure6: SEM imagesof As S, film of thickness (A) 99nm, 303 K; (B) 186nm, 323K
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Figure9: Variation of optical band gap energy, Eg, withfilm
thickness.

A
d= pcosd ©)
Where A isthewavelength used (0.154 nm); 3 isthe
angular linewidth a haf maximumintengity inradians,
0 istheBragg’s angle.

Thegransizeof As S, thinfilmsincreasesfrom 3.4
to 13.5 nmwithincreasein film thicknessfrom 142 to
256 nm. Thesubstrate temperatureinfluencesthecrys-
tallinestructureof thedeposited film. By increasing the
substratetemperature thereactionratein bathisaccel -
erated which enhancescrystalization of thefilm.

Thevariation of dark electrical residtivity of AsS,
filmsdeposited at variousbath temperatureswas stud-
ied in the temperature range 323 to 433 K using dc
two-point probemethod. Figure 3 showsthevariation
of log of resigtivity (log p) with reciprocal of tempera
ture(1/T) x 10°. Itisseenthat resistivity decreaseswith
temperatureindicating semiconducting nature of films.
Figure4 showsthevariation of dectrica resstivity, p,
with film thickness. It was decreased between
78.16x10%and 7.50x10* Q2 cmwhenfilmthicknesswas
changed from67to 265 nmat 328K (TABLEL). These
observations may bedueto sizeeffectsthat arearising
because of quantum confinement of charge carriers
within the particles. The most important mechanisms
limiting el ectrontransportinnanocrystalineAs S, films
aregrain boundary scattering,scattering dueto lattice
vibrationsand and ionized impurity scattering®. The
scattering mechanisminfilmisdependent onfilm qua-
ity and carrier concentration.

Thetherma activation energy wascaculated using
thereaion,

—= Full Paper
(10)
where, p isresitivity at temperature T, p, isacongtant,
K isBoltzmann constant (8.62 x 10° eV/K) and E is
theactivation energy required for conduction. Figure5
showsvariation in activation energy from 0.23t00.11
eV asthicknesschangesfrom 67 to 265 nm (TABLE
1). Itmay beduetoincreasein defect levelsinnanosize
thinfilms. Estarde et d.1** havereported that increase
inchargecarrier mobility withincreaseingrainsizere-
ducesactivation energy.

Themicrogtructureof As,S, thinfilm deposited

at 303 and 323 K temperature were studied by SEM.
Thesurfaceof thefilmisquiterough (Figure6). It was
observed from the micrograph study that the shape of
thegrainsinfilmisnot uniform but consisted withthe
rod likeand dumbbell shapegrains.
Theoptica absorptionbehavior of nanostructuredAs,S,
thinfilmsinthewave ength range 350 to 1000 nmare
shownintheFigure 7. All thefilmsshow higher ab-
sorption onthe shorter wavel ength sidewith presence
of an absorption edge. The nature of thetransition (di-
rect or indirect) isdetermined by using therelation

e A(hv-Eg)"

ho
where hv isthephoton energy, E, istheband gapen-
ergy, A and n are constants.

For alowed direct transitionsn = 1/2 for allowed
indirect trangtionsn=2. Theplotsof (athv)?versushv
wereshowninFigure8for As,S, filmshaving different
thicknesses.. Band gap energy, Eg was determined by
extrapolating thestraight lineportion totheenergy axis
for zero adsorption coefficient (or). Theband gap energy
va ueof thesemiconductor filmsplaysakey roleonthe
solar cdll fabrication. Figure9 showsvariationin optica
band gap energy from 2.2t0 2.6 eV with thicknessfrom
67 to 265 nm deposited in thetemperature 283to 333K.
Theband gap vauesof thefilm weredwaysfoundtobe
higher compared to thevaueof bulk As,S,. It may be
noted that film deposited at 283 K temperature showed
themaximum shiftinband gapwhich clearly indicatesa
blueshift withdecreasing crystdlinesize.

p=p exp(E/KT)

(1)

CONCLUSIONS

Insummary, alow temperature rout for the growth
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of nanocrystallineAs,S; thinfilmsby CBD method is
reported. Theinfluence of bath temperature on growth
characterigticsof As S;thinfilmswas studied. Electro-
optica and structurd propertiesof As,S,thinfilmswere
studied. XRD studiesrevea that asdeposited As S,
filmsareamorphousat low and exhibit nanocrystaline
monoclinic structure comparatively at high deposition
temperature. Optica studiesshowsthat the absorption
spectrumisdueto transition from oneband to another
andismainly caused by allowed direct trangitions. The
optica band gap energy variesfrom 2.2t0 2.6 eV with
thicknessvariation from 67 to 265 nm. Theincreasein
band gap energy isattributed to small nanocrystallite
sizeasdetermined by XRD. Theelectrical resistivity
andthereforeactivation energy are observed to bethick-
ness dependent.
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