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ABSTRACT

This work aims to investigate the influence of heat treatment of photosensitive AgInS, sprayed thin films on the
mechanical and structural properties. AgInS, ternary material has several important properties (Bandgap, electric
resistivity, transmission-reflection spectra...) that guide it’s to choice as an absorber in solar cells domain!*2.
Hardness measurements have been carried out to determine the Vickers hardness of these films. The results
reveal ed that annealing treatment enhances drastically the mechanical resistanceto frontal penetrating solicitation
(Hv hardness) may be due to the partial crystallization and phase transformations modified the microstructure of
the based glassy material. The maximum gain was measured for samples treated at 400°C, having a hardness of
8.31GPa. However, when the annealing temperature was upper than 450°C the hardness is decreased may due to
bulk defaults in the structure of the filmswhich it is confirmed by XRD and AFM investigations.
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INTRODUCTION

AgInS, thinfilmshave beeninvestigated for their
interesting optical, mechanical and electrical perfor-
mances. Thispaper dealswiththefabrication of AgInS,
thin filmsand theannealing effect on their mechanical
properties. Commonly, AgInS, could be synthesized
using several methodslike microwave heating tech-
nique, e ectrodeposition process¥, sulfurization of Ag-
I, thermal annedling of In,.S3-Ag2S!9 and chemical
spray pyrolysis (SP)[™. Inthis paper, the spray pyroly-
sismethod is selected to prepare these layers. After
that, the samefilms are subjected to aheat treatment
using various temperatures (400°C, 450°C, 500°C)
under two atmospheres( Seleniumandair) for Thina
programmabl e tubular and investigated aglobal ap-
proachtoidentify physica constants. Recently, wehave
determined theoptical, therma and structura proper-

tiesof such filmg*2.

Inthis paper weinvestigate themechanical param-
etersto proposeasguidesforindustria application. To
date, the mechanical measurements of such ceramics
have not yet studied.

CHARACTERIZATION TECHNIQUE

Themechanicd propertieswereinvestigated aong
with hardness measurements which have been per-
formedintheMAZ2I Laboratory (ENIT, Tunisia)®. This
techniqueisbased on hitting thetargeted face of each
sample by acommon diamond-pyramidal -indenter un-
der aprefixed load. The obtained imprintsdimensions
were subjected to geometrical standardized analyses
yielding ascaled value: the Micro-HardnessVickers
(Hv).

ThemicrohardnessVickers(Hv) isgiving by:
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Figure 1 : scheme of measurement technique of Vickers
micro har dness

Figure2: Micrograph of a Vickers’ indentation mark in
sampleAgInS,

Figure 3 : The synoptic scheme of the micrograph of a
Vickers’ indentation mark

RESULTSAND DISCUSSIONS

XRD and AFM investigationson AginS, thin films
annealed in Seand in air

XRD patterns, 2D AFM morphologica micrographs
aswell asthermsroughnessand crystallitesize of the
anneded AgInS, sprayed thinfilmsinair andin Seat-
mospheres using varioustemperatureslyingin (400-
500°C) domain for 1h in a programmable tabular were
shown in Figures 4,5 and 6 have been the subject of
recently works*2. The XRD showsthecrystalization
inatetragond structureof AginS, withthe strong peak
(112) and the presence others undesirables binaries
phasessuch asin,S,andAg,S. Thesameresultshave
been obtained by the othersauthorg®*, Inthisstudy,
itisnoted that suitablestructureof AgInS, thinfilmsis
reached using 450 and 400°C as appropriate heated
temperaturesfor Seand air atmospheresrespectively.
For theselatest treated films, minor secondary and un-
desirablephasesarefound.

Micro-hardnessvickers(Hv) measurements

Thetargeted face of each samplewas subjected to
static indentation tabesland 2 and Figure 7 at room
temperatureusngaVickersdiamond pyramidd indenter
(squared 136 ° summit angle pyramids). The curves
traducethefact that for low chargesupply (m=0.3Kg),
themicrohardnessislyingin 3-8 GPadomain. This
charge vaueisusedto ovoid the contribution of the
glass substrate dueto the penetration of the diamond
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Figure4: Typical X-ray diffractogramsof AglnS2 annealed
thin films in Seand air at 450C° and 400°C respectively
corresponding to optimal conditions.
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Figure5: Comparison of theAFM (2D) micrographsof AgInS, annealed in air and in Seatmospher sat varioustemper atures
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Figure6: Comparison of theroughnessand thecrystallite
sizeof AgInS, thinfilmsheated at varioustemper atur esunder
two different atmospheres
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pyramidal indenter beyond thelayer4,
Fromtheresultsplotted in Figure6, itisnoted that

best valuesof roughnessaswell asthecrystallitesize

have been reached related to AgInS2 thin films heated

I Agins, annealed with Se
5 AgIns, annealed in air

400C

unannealed

450C
annealing temperature

Figure 7 : Variation of Hv of AgInS, annealed at various
temperatures

at 450°C under Se atmosphere and those treated at
400°C in air.
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TABLE 1: Valuesof Vickershardness (Hv) of AgInS, films
annealed with Se

Agins, AgInS; annealed with

unannealed sdlenium
400°C  450°C  500°C
Hv
(GPa) 3.85 354 4.15 3.06

TABLE 2: Valuesof Vickershardness (Hv) of AgInS, films
annealed in air

AgInS, AgInS, annealed in air
unannealed 400°C  450°C  500°C
Hv
3.85 8.31 6.66 2.86
(GPa)

Thevariaionleve of microhardnessintermsof the
heat temperature suggeststhe beneficia effect of this
processto increase the hardness of theseternary ce-
ramics. Indeed, the treatment under Se especialy at
450°C (4.15 GPa) as well as at 400°C (8.31GPa) in
ar reinforcethe hardness of thesefilmsand increased
the surface aswell asbulk structure by apossiblemo-
lecular motionviaapartidly taking Se/O theplaceof S
and minimized the porosity and voidsand cracksinside
thefilms. Thisbehavior hasbeen obtained by other au-
thorsin others compounds under appropriate condi-
tiong*>19, Thistreatment using such temperatureleads
to an enough solicited changein the crystdline sate of
AgInS, materid. Thismechanica study iscondstent with
XRD and AFM resultsdescribed above.

CONCLUSION

TheMicro-Hardness Vickers (Hv) of theAgInS,
gorayed thinfilmsannededinair andwith seleniumare
increased withtheincrease of theanneaingtempera
ture may be dueto theimprovement of the structure of
heated filmsunder air and Seatmospheres using ap-
propriated temperatures. Thisstudy seemsto besoin-
teresting Since amacro characterization like Hardness
vickersisused asapowerful techniqueto evauatethe
physical quality of ternariesceramicsbased onAg-In-
S(Se,0).
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