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ABSTRACT

SnSisof interest for use as an absorber layer and the wider energy bandgap
phases e.g. SnS2, Sn2S3 and Sn/S/O alloys of interest as Cd-free buffer
layers for use in thin film solar cells. In this work thin films of tinsulphide
have been thermally evaporated onto soda-lime glass substrates with the
aim of optimising theproperties of the material for use in superstrate con-
figuration device structures. The thin filmswere characterised using energy
dispersive X-ray analysis (EDS) to determine the film composition, X-
raydiffraction (XRD) to determine the phases present and structure of each
phase, transmittance versuswavelength measurements to determine the
energy bandgap and scanning electron microscopy (SEM) to observe the
surface topology and topography. These properties were then correlated to
the depositionparameters. Using the optimised conditions it is possible to
produce thin films of tin sulphide that arepinhole free and conformal to the
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substrate that are suitable for usein thin film solar cell structures.
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INTRODUCTION

SnS has adirect energy bandgap around 1.3 eV,
near the optimum for photovoltaic solar energy con-
version, and ahigh optical absorptioncoefficient such
that layersonly afew micronsthick are needed toabsorb
most of theincident light.

Themost advanced materiasfor makingthinfilm
solar cellsarethose based ontheuse of cadmiumtellu-
ride (CdTe) or copper indium gallium diselenide
(Cu(In,Ga)Se2 or CIGS) absorber layer materids. One
promising candidateistin sulphide (SnS), asin com-
monwith CdTeand CIGS, thismateria hasanear op-
timum energy bandgap and it is amphoteric with a
wideenergy bandgap oxide, promising thepossibility of

grain boundarypassivation. Not only does SnSconsist
of relatively abundant € ementsbut large scal e produc-
tion processesdready exist for producing thinfilms of
tinand for converting metalsinto the corresponding
sulphideusing arange of sulphidisation processes. Inthe
literaturethinfilms of SnShave been deposited usinga
variety of techniques including
spraypyrolysis,electrodeposition, chemical vapour
deposition, vacuum evaporation and sul phidisation of
pre-deposited tin precursor layers. Theattemptsto use
SnSindevicedructuresarelimited but previousstudies
have shownthat cellswith efficienciesupto 1.3% can
be produced.

Despitetheexcd lent achievementsmadewith these
materia sproblemsremain. Thereare concernswith re-
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spect to the environmental acceptability of using cad-
miumintheformer devicesandconcernswith respect
to thelack of abundanceof gallium andindiumfor the
latter devices. SnSisalso amphoteric such that arange
of solar cell structuresusing SnSas an absorber layer
can beenvisioned. Theseinclude p—n heterojunction
devicesusing p-typeSnS asthe absorber layer with a
wide energy bandgap n-type partner,buried
homojunction devicesusing both n and p-type ShSand
p—-i—ntype devices (using SnS as the i-layer). It is also
likely that counterdopingor oxidisngthe SnSat thegrain
boundarieswill lead toeffective grain boundary passi-
vation, avita processfor enhancingefficienciesincdls
madeusing polycrystalinematerids

EXPERIMENTAL
Theevaporationswerecarried out inan oil pumped

vacuum system operated in the 10"-4 to 10™-5Torr
range of vacuum pressures. Both the substrate and the

sourcemateria wereheated usng resitived ementswith
ashutter incorporated to control thedepositiontime.
The sourceto substrate distancewas40 mm.

The SnSsourcemateriawas obtained fromAlfa-
Aesar andwas 99.99% pure. Each substratewas
cleaned in an ultrasonic bath containing amixture of
Decon 90and de-ionised water solutionfor 1.5h. Af-
ter arinse with de-ionisedwater, the substrate was
washed in propan-2-ol to remove anyremaining con-
tamination. The evaporation sourcewasaquartz,bottle-
shaped crucible that was heated by a cylindrical
tantal umheeting d ement. The ShSevaporant was placed
in the crucible and quartz wool placed above itto
minimisetheaffectsof “spattering”, i.e. the ejection of
moltenlumpsof materid from the sourcethat can dam-
agethegrowingfilm.

Filmswere then deposited using sourcetempera-
turesintherange 250 °C to 590 °C and for substrate
temperaturesintherange 90 °C to 370 °C. These tem-
peratures were measured by thermocouplesindirect

Figurel: SEM micrograph of aSnSlayer deposited usinga 250 °C substrate temperature, a 300 °C source temperature and

adepostiontimeof 3min.
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Figure2: XRD patternsfor SnSlayersgrown at different substratetemper atures.

contact with the crucible and substrate respectively.
Thedeposition timewastypicaly lessthan4 min.

RESULTSAND DISCUSSIONS

Thetinsulphidefilmswere deposited using source
temperatures in the range 250 °C to 590 °C and for
substrate temperaturesin therange 90 °C to 370 °C.
All thethin films deposited were adherent tothe sub-
strate, uniformly thick and pinhole free. The films
depositedwith thicknesses < 2um had smooth surface
topol ogies and wereyellow—brown in colour whereas
filmswith thicknesses >9um thickwere adarker black
colour and had rougher surfacetextures Theformer films
were deposited using relatively short times and for
thehigher substrate temperatureswhereasthethicker
filmsresulted for thelower substratetemperaturesand
for longer depositiontimes.

Figure 1 showsacross-sectional view, takenwith

the SEM, of alayer of SnS deposited at a substrate
temperature of 250 °C for a source temperature of 300
°C and for a deposition time of 2 min. The layer is ap-
proximately 3im thick and it consists of densely packed
columnar grainsthat extend throughout thefilm thick-
ness. These observationswere madefor al thelayers
deposited with thicknessesno.6 um. Theyindicate good
potentid for using such layersinsolar cell devices, be-
causewith columnar grains, minority carriersgenerated
by incidentlight can diffuseto thejunction without cross-
ingagrain boundary.

Thechangein stoichiometry with thedeposition con-
ditionsisexpected to alter theelectrical propertiesof
thefilms. All thefilmsdeposited and testedwerefound
to be p-type, the resistivity tending to be lower for
themore Sn-rich films. It should be noted that
oxygenwas observed to bepresent indl thethinfilms
deposited.

The 3 predominant peaks corresponding to SnS
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are the (121), (141), and (121) reflections
clearlyindicating that the predominant phase present is
SnS. It shouldhowever be noted that for most of films
other lessintensereflectionswered so observed. Some
of the peakscan be attributed to reflectionsfrom the
(141), (112), and (231) planes of SnSalthoughitis
possiblethat these and some of the other lessintense
reflections could be dueto the presence of other phases
inthefilms.

Theshiftinoptical absorption edgeand henceen-
ergy bandgapwith deposition conditions has been ob-
served by other workers, themost detailed study hav-
ing been madewith layersproduced usng chemica spray
pyrolysis

CONCLUSION

Usingthethermd evaporation methoditispossible
to producestoichiometricthinfilmsof SnS; thet are con-
formal and highly adherent to the substrateand that con-
sist of densely packed columnar grains. Despitethe
energy gap of the layers varying with the
depositionconditions, itispossibleto producethinfilms
of SnS, afewimthick,withenergy bandgaps in the range
1.3-1.7 eV i.enear to the optimum forphotovoltaic en-
ergy conversion (1.5eV). Thelayersarea so p-type
givingflexibility tothedevicedesignto beused. Work is
inprogresstoinvestigatein detail theeectrica proper-
tiesof thefilms, toinvestigatetheinfluence of post-depo-
stionannealing onthestructural, electricaland optical
propertiesof thelayersand tofabricateand character-
izesolar cellsmadeusing optimised layers.
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