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ABSTRACT

Copper Indium disulfide, CulnS, or CIS films were prepared by thermal
evaporation technique. Product films were prepared on glass substrates
and heat-treated at various temperatures at fixed time. Structural and opti-
cal properties were investigated by using energy dispersive spectroscopy
(EDS), X-Ray diffraction (XRD), Scanning el ectron microscope (SEM) and
optical reflection and transmission measurements. The optical band gap
increases within range 1.47 eV for the as prepared filmsto 1.61 eV for the
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annealed one. The annealing was performed within temperature range 523
up to 723 K. The increasing of the optical gap was attributed to both nano
structure property and the enhancements of grain size. The obtained re-
sults were discussed in the light of current theoretical idess.
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INTRODUCTION

The chal copyrite semiconductorsreceived consid-
erableattention for their different promising practical
gpplicationsnamely, non-linear optics, light emitting di-
odes, photovoltaic optical detectorsand solar cellg%7.
In between chal copyrite semiconductors, theternary
ClSattracted an interest asacandidate for photovol -
taic materid sduetoitsoptimum band gap of 1.5eV®9,

A large number of studies were devoted to CIS
films. Owing tothedifficulty to grow largesinglecrys-
talsof thiscompound, itsfundamental propertiesare
not well-understood™Y. CI S-based solar cellsreached
efficienciesof amost 16% onanareaof 1 cm?A*2. How-
ever, littleisknown about the el ectronic properties of
thesecdls. Since ClSdoesnot includeatoxic dements,

i.e. Secompared with Cu(In,Ga)Se,, CISismoreen-
vironment-friendly than the selenium-contained mate-
rial. Furthermore, theband gap of CISisthe most suit-
ablefor solar cell applications. Inaddition, thereisno
need to add other elements (e.g. Ga) to optimizethe
band gap a so composition control of ternary material
ismuch easier than that of quaternary ones®3. CISthin
filmsarefabricated by variousmethods, such astherma
evaporation*¥, molecular beam deposition®, ion plat-
ing*®!, chemica vapour deposition517, spray pyroly-
si9'%2 chemica bath deposition®, ion layer gasreac-
tion (ILGAR)? and dectro-deposition?d, Among those
availabletechniques, thermd evaporationwasused. The
present study tried to prepare ClISwith better film qual-
ity asasolar cdll, it dsofocused ontheinfluenceof ther-
mal annedling on structura, stoichiometric, topographi-
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ca andtheopticd propertiesof CISfilms.

EXPERIMENTAL

Bulk materia of chal copyrite compounds CISwas
prepared from highly pure Cu (5-nines purity), In (6-
nines purity) and S (6-nines purity). Constituentswere
loaded into afused silicatubewithinner vacuum 10
Torr. Alloying of the el ementswas accomplished by
putting the sealed tubes in afurnace with arocking
mechanism. Therocked motion wasused to ensurethe
completemixing of thematerids.. Furnacetemperature
program was adjusted firstly at 25°C/h until 1050°C
then keep constant for 60 hrs, and then silicatubewas
cooledinicewater. Theresultingot was used asasource
materid to prepare CISfilms. Thinfilmswere prepared
from the resultant by the thermal evaporation onto
cleaned glass substrate using an Edward coating unit
mode E 306A, under avacuum of 10 Torr. The depo-
sition parameterswere kept constant so acomparison
of theresultscould bemadeunder identica conditions.
Thefilmthickness, dwascontrolled at 1.6 um usinga
quartz crystal monitor. X-ray diffraction technique
(XRD) wasused to investigatethe structure of the as
prepared and anned ed filmsus ng Philipsdiffractometer
(type 1710) with Cu anode. To investigate the optical
propertiesof CISfilms, both transmittance, T and re-
flectance, R patternsof theamorphousfilmsweremea-
sured a normal incidenceat room temperature. A com-
puterized SHIMADZU UV-1100 doubl e beam spec-
trophotometer with 10 nm stepswas used to measure
both T and R within waveength range (200-1100 nm).
Thetolerance of thefilm thicknessis+ 1%andinT and
Ris* 1%. SEM anayssof CISsamplewasperformed
using JEOL-JSM-5500LV scanning electron micro-
scopeoperating at 10 kV.

RESULTSAND DISCUSSION

Sructureanalysis
EDSanalysis

Thegtoichiometricratio of copper andindium could
be controlled from the starting composition of the pre-
cursor. Elementa anaysisof theasprepared filmswas
carried out a fivedifferent locations. Film compostion
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was studied by X-ray microandysisrevedingthepres-
enceof copper, indiumand sulfur dementsintothefilms.
EDSwasused to eva uate chemical composition of the
film. The uncertainty of the present measurementsis
about 1% and EDS resultsindicated that the weight
percentage of Cu, In and Swas 26.20%, 47.35% and
26.45% respectively, which confirmthat CISissto-
ichiometric compound asdepicted in Figure 1.
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Figurel: EDSdistribution of the constituent of the ele-
mentsfor as-deposited CulnS,.

XRD

Figure2 (a), (b), (c) and (d) showsXRD profilesof
theasprepared and annedled CI Sfilmsunder vacuum
103 Torr which annedled at 523, 623 and 723K for 1h.
XRD pegksarematching withthestandardASTM data
indicating thestoichiometry inthe CIS. Dueto anneding
temperature, the CISfilm undergoescrystdlinetransfor-
mations. No X RD peaks corresponding to any phase of
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Figure2: XRD spectrafor CulnS, filmsannealed at various

annealing temperaturesfor 1 h.
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crystalline CISwere observed for theas-prepared film
asdepicted in Figure 2(a), where the pattern showsa
wesk and broad reflections, indi cating poor crystalinity
of thefilmswhich confirm theamorphousstructure. Im-
provement inthecrystalinity of CISfilmscould beob-
served dueto theincreasing of annealing temperature
that confirmsthepolycrystdline naturewith (112), (200)
and (204) preferred orientation, the main pesk is(112).

Theimprovement of thecrystallinity issupported
by increasing of peaksintensity. Crystdlitesize could
be cal culated using Scherrer equation:

L =AK /P cosh ()

L isthemean crystallitedimension, K isconstant (typi-
cally assumed 1), B isthe peak FWMH in radians of
20 and A wastaken as 1.54049 A.

Vauesof crystdlitesize showsfilm nano structure
property. Valuesof crystallitedimensionsare91, 104
and 110 nm for 523, 623,723 K respectively which
confirm theimprovement of the CIScrystallinity, itis
closeto that obtained elseware?4.

SEM

Filmthicknesswasidentified by crosssection SEM
micrograph, see Figures 3(a), 3(b), 3(c), 3(d) and 3(e)
shows SEM images of the as prepared and annealed
filmsat 523, 623 and 723 K respectively. |solated par-
ticlegrowthwithlargegrainsisobserved a the surface
inparticular a higher annedlingtemperaturessurrounded
by boundariesof smaller grains. Theparticlesizewas
caculaed. It wasintherangeof that obtained by XRD,
which confirm nano structure property of CISfilms.
Particleswere distributed homogeneously onthe an-
neded surface, different numbersof particleswith dif-
ferent szewere observed asanneding temperaturein-
creases except theas prepared film; no particlescould
beidentified dueto amorphous state. These particles
correspond to CIS phases, which would explain the
XRD results. The particlesizerangeis91 nmto 110
nm. Thisfeaturesformed during nuclestion and growth
processes dueto annealing effect. Surface of the as-
deposited filmlooksdark gray, implying that the sur-
faceof thesamplesisfreeof Cu,S second phasewhich
confirmed by XRD patterns®, see Figure 2 and Fig-
ure4. Itisevident that thereisan improvement of both
crystdlinity and uniformity of CISfilmwithincreasing
T_. New featuresin Figure 3(e) could beidentified and
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attributed to growing of new (204) orientation CIS
phase. The observed thickness of the CISfilmsfrom
Figure 3(a) isabout 1.6 pm which confirm the con-
trolled experimenta value. In addition, theglass sub-
strate surfaceswerewel | covered.

Optical properties

Opticd absorption coefficient waseva uated using

transmittance, T and reflectance, R data according
tol27.28

a= %In[@] @

disthefilmthickness, Rand T arethereflection and
transmission respectively. To obtain an absorber mate-
rid with high efficiency; photovoltai c gpplicationsneed
large absorption coefficient!?d. The as prepared and
anneal ed samples have higher absorption coefficient
(10*-10°cm?) inthe visible spectral range. High ab-
sorption coefficient was supported by the dark gray
color of thefilmasdepictedin Figure4. Thisresultis
very important dueto that the spectral dependence of
absorption coefficient affectsthesolar cellsconverson
efficiency. So according to®®, CISisagood candidate
for photovoltai c gpplications. Absorption coefficient (o)
isrelated to theincident photon energy (hv) by

ahv =B(hv-E)" 3

B isaconstant, histhe Planck constant, v is the fre-
quency of theincident photon, E, istheoptical band
gap, mistheindex indicating thetypeof thetransition.
Valuesof mfor allowed direct, allowed indirect, for-
bidden direct and forbiddenindirect transitionsare 1/2,
2, 3/2and 3, respectively.

ClSisawell known direct band gap material, so
puttingm =1/2, Eq. (3) can bewritten as
(ahv)?=B(hv-E) 4
where B is a constant and hv is photon energy. Ac-
cordingtothisexpression, (ahv)? dependson (hv) lin-
early and intersectstheenergy axisat E, Hgure5shows
(ohv)? versus photon energy (hv) for the as prepared
and annedled CISfilms,

Direct optical gapswereestimated and illustrated
in Figure6, thisvalues agreeto that obtained by=>%2,
Generdly, direct optical gapincreasesfrom 1.47for as
prepared to 1.61 eV with theincreasing of annealing
temperature.
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Figure5: (ahv)?vsphoton energy, (hv) for asprepared and
Figure4: Dark gray color of theasprepared CISfilm. annealed CulnsS, films.
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Figure6: ngor asprepared and annealed CI Sfilms

The obtained values of the optical gap of the as
prepared CIS hasagood agreement with that reported
by other workers®*2¢; and closeto the optimum band
gapvaueof CIS1.5eVB22, Direct optical gap vaue
of powder CulnS, is1.52 eV, Our valuesarelower
than that reported in*. Similar behavior of theoptical
gap asafunction of anneding temperaturewasobserved
elseware?30,

Theincreasing of E,may beattributed to nano struc-
ture property, enhancement of grain sizeand the de-
crease of defectsin nanostructure, which giveriseto
defect states and thusinduce asmearing out of the ab-
sorption edge®*-41, Our obtained values were higher
or lower, thiswas attributed to preparation methods,
which areserioudly affecting different properties.

CONCLUSION

Structurd, morphologica, and optica propertiesof
the as prepared and annealed CISfilms, prepared by
thermal evaporation on glass substrates had beenin-
vestigated. The stoichiometry of the product could be
controlled and confirmed by EDS. Therewasagood
agreement between theresultsof XRD, SEM and op-
tical propertiesat different annealing temperatures. Re-
sults showed that the as prepared films were amor-
phous. Annedl ed filmswas characterized by polycrys-
talline structurewith (112),(200) and (204) preferred
orientationsdueto anneding temperature. Grainsize
range was 91 to 110 nm, which included within
nanometric scae. Vauesof theopticd gap Sartat 1.47
eV for asprepared film thenincreasesregularly with
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theincreasing of annealing temperaturetobe 1.61 V.
Theincreasing of theoptica gap wasattributed to nano
structure property and the enhancementsof grainsize
hencethedecrease of defects. Theenhancement of grain
sizeswasconfirmed by XRD, and SEM micrographs.
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