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Study the effect of thickness on the stroctural, morpholeagical and opiical properties
of Cn.5n5; thin fitm prepared by CED method

Harzhad D. Shelle*, Abhishek C. Lokasde®, Vamita 5. Rant*, Chandraksnr I, Lokhande™
'Ih:.n.Hh:nF!:;ru..: Labombory, Departmant of Phosics., Shhaji , Folkograr-4 16 004 (W5 ), India.
E:pm-nhchmrcmmm - E;mta \%ﬂ@m&sl
Chormnam Matiomal Usiieesity, Gommga HH-T757, Sooth Koz

‘A M A ad N C. 5. College, Bajaper, India

“Comvire for Intepdizciplinary Besearch, D, Y. Paiil Univemsity, Eolboger-4 16 008 (M5, i,
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Abzirsct

Cw3n5: (CTS) thin flms of diffuent thicknesses wem proparmed onto cost edfectios
sivinless wieel substrasie by chepxical bath depositiom method af the deposition emporarome of
&0, K-y diffraction patiom reveals that all the thin Slev: prwpared are polycrystallng in natems
and crysiallized in triclimic strechme with preferential orentation along (2 -1 1) diection. The
crysiallie sirn mcreases foom 3412 nm to 5330 mon with increese of flm thickness. BMorphology
of the films as obsorved from the SEM imdicetes the preseoce of spherical particles. EDAY
analywis shows that the Sles propared am nearhy stoichiometmic aitheont prach deviation Froes the
optical spectra the nature of ransitien ware found to be allowed and direct The tansmiswicn of
the file was found to decrease with mowase of flm thickngss. The band gap energy decreased
froms 14 te 0.9 @V oo imcreasing the flee thickngs:. Photoelecoochemical (FEC) actwity
increased with ncmwase of depositon tme.

Keywords: CnyEnS;, thin film, TN -1is, photoalecochamsiral.
Introducdon

With the snergy crisds and epvirnnment problass becoming more and mors serions., i is
Ty argeat to explors new soergy resource [1]. Solar energy is a promiving new SD&rgy TeSOUICE
which is clean and susminable. Co—5n—5, an mmportast cabegory of [-IWV-VI chaloopemides
functional patenaly, hes athected great atenmbon becauss of their promisimg phobecambviic
activity, phowvolic property, noslingar optical property, and ooovemding  optical-
thermomgchanical propertas |1, 3]. Traditomally, thess chalcogenides were prepamed by solid-
simie maction [4], which megnited high temperstire, mert atmosphers protectom, and rnla'l:n.n-]:."
long dumtiom. The copper bassd mmltnary compoond semdcondecior meederials are oeed as
absorber materiali in photoveltmic techoclogy. Alio. in mecexmt ywars, imypertance is given fo
nombexc seexconductors from both the fmndarsextal and tecknological podnt of view fior wolar cell
mpterials. Termary semicomtnciems such as Co-5n-% belonging to I-IV-VT1 groups are preferred as
axcellent sheorber matarial dee te kigh absorpton coafBcent (=10 o) and seall band gep (1.5
to 15 &\ fior photovolteic cells, and as a smitble candidaie for nonlincar optical moderials. In the
Cn-5x-5 systamz, sevaral ternary compounds inchidimg Cn Sk, Cu,Sa%,, Cw,Sn%,, CuSn.5, and
Cngfa.%, bave besn previously stadied for photovoltaic absorbars. Among theen, Cu. 528, (CTE)
phizee sthows good performeance in photovoliaic device bemmse of ity wide smbility range and hck
of Femmxd lovel pimming [5]. Fartharmere, this material offem cottanding cptical, tharmal and
mwechanical properties [6]. Varions deposiion mvethods have been nsed for preparing Cu—5p—§
compound thin fles: seccessive jondc leyer adsooption and maction (SILARY) [7]. seqoential
chemiral deposition [8], solvothermal processing [$-11], solid-state reaction [11], spray pyrobysis
[13]. sputicring [14], chapical bath deposition (CHIY) [15] and clecmodeposition [16].

Amcag all thess methods, the CHD method s very mrach fameoss becanse it possasses a
numbar of advantzges over pedicable thin fitm deposition methods. The raim advanges of this
method ame lowr cost, low depositon tempeatmre and sary costing on the large surface area. This
mwethod is besed on slow comfrolled precipimton of the preferred componnd from s fons in a
reaction bath sohficn. Therefore, we dedicated to develop a bow-cost, facile, and sonviTonmental-
friendly CHD method to symthesizs I-IV-VI chalcogemidas.

The cheracteristcs of films and thedr poential applicaticss ame ivermlawd to the
crystallizdty, warface murph-:-]ug;r. Zain boundary and grain size, which are affucted by the flm
thicknoss. For applications = optoslscoonic devices techmology, the optimurs film thicknoss is
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prefumed for the best device q‘l:l.illl.'lu and performance. Hence, i is necessary to :-I.'l:lﬂ:_rﬂ:l.n afbact of
Hlm thickmess oo the propertes of CTE thin films. In prevent smudy, by warying the deposition
timve, thickmess of CTS film is varied using optimived deposition conditton and the effect of CTE
flp thickmess om souctoral morphological, wetehility, opical nd photoslecrochamical
propartiss s stodisd

1. Experimental prodedure

2T Symehesic of CT5 mavevial

In a wynthewis of CTS material all chemvicals nsed for the depowition process: were
analytical grade and all solutons were prepaned in double distilled watks (DD The deposition
of CTS thin films oo commmarcial condnoting smimless sieal (535) subarate. The 55 substanes
ware polithed by rero grade polish paper, nimasonically cleaned m TORY for 5 mimntes and then
washed with acetnng. The precursor sobefion was primed from an acidic bath sing copper sulfans
(Co50, SH.O), tin chloride (2=2Cl.2F.0) and sodiew thicsalfis (Ma, 5.0, 5H.O) acted s 2
wource of copper, tin and salfide inns, respectivaly. Efndonsdiarinetemancetc acid disodimm sale
(WagEDTA) is nsed s a complsaing agemt The o of stopsic weights & (2:1:3) for Co:5n-5 m
all deposition parameiurs. The schrbdom of 0.2 A copper snlfaie was dissolve into 20 ml of DDW
and stomed umtl the clear soluton is obamed. Then the solution of 0.1 M of sxonows chlorsds
was dizsolved in 20 m=l of DDW and was mixed into the a-prepared coppst salphate sobeton. 0.2
M of Ma.EDTA was dissolved iz 10 ml of DDW and added to the abowe soleticn. The pH of the
wobotion was attemed i0l. 5 by adding litte deops of HC] (hydrochlonic acd). Agaim the 20 mil of
0.3 M sodinm thicenlfvie oras added indo the above soluton The deposition proces: was camied
out for 2h at 60 "C. Smbitates weme deep vertically in the soluton bath. Afier depositon
cozpleticn, the sebimams coversd by a material with desime thickmess wers washed by DDAV to
slipzinate the contagicn @ the surface and annealed for 6k at 300 “C in & vacuum to pick wp the
crysiallimity.

2_) Meiferialy characierizadon

The thickmess of CTS floas is measured by Ambios XP-1 sorface profler. The stucteral
charzcterization of CTE nanoparticlss is camisd out nsing X-my diffacton (IRD) by BEUEKER
AXE DE Advanced modal X-may diffractometer equipped with Co mdiatien (B of 1= 1.54 4)
operated at 4. Further confirmation of particolar crysallographic phace it done from Raman
specirocopy were recorded m the range of 1 50-300 co™' by nsing 2 mricro-Ramroan spectmometer
{(Via Foflex TN Eamron microscope, Eepishaw, TTE. at EBE] Gorengju cenbar) that uses 2 He—THe
laer source. The morphological feemmes of CTS nanoparticles are amalyzed by scezming alectron
microscopy (SEAT) TEOL JSM-63%20. SEM techwigue is nsed to obsarve the graim size, romgh
morphology, and disoibuation of the particles on the surface of the oysiem. The MV -vinbls optoal
absorption and ansmittamcs spectra of CTE thin films e besn carmied oot to explore their
optical properties. The optical anabysis camied out by a HITACHI V4100 spectromseter in the
wavelength ranging from 310 to 900 nm uiing cm” quarts cuveties af room Emperame. The
current demsity-wolmge (J-V) cheractwristcs of the PEC cell wore obserred nsing 2 Princemn
Appliced Fessarch Potemtiostat (273A) with 2 CT3 slecrods a the working electods.

3. Eesulis and discuzsion
2§ Thickmess Weasmwremem:

Fir. 1 showms the variatom of flm thickmess with deporton time for CTS films is
obiarved by CBD method. Thicknoss of CTE thin filess is estimated to be 251, 430 and 320 om
for 60, 73 and 910 mimetes deposition time, respectively. CBD deposited CTS thin films adth 251,
420 and 590 mm thicknesies am indicated by (a) CTE-60, (b) CTE-T5 and {c) CTE-50,
mespectively. It is obsarvod that thickness of CTS Gl inrmeases with deposition time. Ideally, m
CBD mwithod, only a single bayer of film maiorial is deposited on the sbwiic in one Sme of
deposition. As tha deposifion fipwes contione, more necleation process is happened and more
layers of the film material are deporited and hance the owvarall thickzea of the Blm increasgs. This
mi':rh-n d=s to soough mactcn time periods available for the formation of TS thin Slm. The rate
of flm thickmeus is nomlisear which indirates that the prowth & doe to oocleaton and coalesconos
process. Firthermome, after 80 mineies, slight decreass m CT3 film thickmess is obsarved. The
meduction in CTS Hlm thickmess may dos to the developosemt of siress, remiting peel owt the fim
]
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after reaching beyond opticwem thickness. The peling of film material is common m chepsirally
depouited films and & mamly doe to the mlatwly poor adbewion [17]. Thms, the terowinal
thickposs of CTS thin £m iz 5520 ne for ) ot depositon .

3.2 Sermctwral stady

3B patiem of CTS thin films preparsd at difforset thicknoesses ame shown in Fie. 2 {a-ch
It is cloar that tho thickness plays an irportant role in debcrmining the stmacmre of the flms Tha
film has polyerpnalling natum with well-defined diffracticn peaks, which caz ke well induxed 1o
thie triclinic crystal stroctors phase of CTE (FCPDE Ho.: - 00-027-019E6]. Li etal [18] represent the
miclinic cryatal strocme of CTS mederial thin filev. Afier enhancing the: Hlns thickweus, all of tho
diffactiom peaks am in good medch with the standard patierm of miclindc CTE 2s shown in Fig. 2.
The XRD pattems of CED deposited CTE thin Slms with 151, 420 and 580 nm thickmeuses aze
imdicated by (a) CTE-50, (B) CTE-TI and () CTS-80, mspectivaly in Fig. 2. The prissoce of
peaks at 28 = 26.49, 32.86 and 47.36 * comesponding to diffraction planes of (2 -1 1) [".'I -4 ). (-2
10} and (-3 -2 17) recpectivaly, indicates the forpation of toclinic (JOCPDNS G0-027-019E) coystal
stocure of Cu;5n5; matedal The mlathe peek memsity of (2 1 1} and (-2 0 10} planes sxhancs
with incasing fitm thickmess. The sohemced coystallinity of the films can be arributed to tho
rearmanging of the xtoms and romoval of defects des o the necleatiom im CHD mothod
Mazjulatalli st al [1¥] reporwd the similar resmlt of an increass n §lm rystallnity with
increasing film thickness for CHD deposied CTS thin films. Apart from CTS XRD peaks.
additioma] peak comesponding to secondary copper sulfate (Cus) phase (indicared by &) is
ctwrved = the diffacton patern The mteouty of diffacton peaks ncreaced afier thackmecs
imcreasing and becams sharper. An sddiSonal peak at 28 of 45.7%" iz obsersd aficr anncaling,
|.1:||5|.|.-:a'h.1:|n the presence of minogity secondery phase of Cusé. In azmeeded sampla, IDI.'I:I:I:I.I:I.H.I.':."E‘I:L_E-
shirws the single cowvellite pheco with 2 hexaponal crystal siveciore and prefermed odentaton along
tha (102) directiom. It is clear that e sample is —mlfi-phase comdainimg Co.5 and CuoSnS,
(TCPDE card no. O0-027-009E) with triclisic stractore. The 55 sebstrate peak in the XRD specta
in indicatud by asterisk {*) sign. Cronmlling graim siss () of the flms is svalested nsing Schormar
fiormemla,

K -

D:m I_\_]]
Whars, K is the shape facior, takem squal to 0.9, 1=1.544 i the wavelangth of the K-may used, B
s the foll width at half raxmem (FWHL) of the peak 2xd 8 is the Bragg angls that cormusponds
to the peek analyzed The cysiallie size of the Sles increased frops 28 om oo 33 om with
increasing deposition time from 6 mimetos o #) mdmndes. The intemsity of the peaks ncreases
with increass of film thickmess and il width half maxiomes (f) decreases, thereby loading to an
imcTease in crystzllite size. Struchral parametars of CTS thin flms wreme Ghalated = Table 1. Th
result shows dislocation density and sfain of the film decreases with incmasing Al thickmess.
Structeral parameturs of CTS thin films were tabelated in Table 1. The result shows dislocaton
denzity. stain and meber of crpstalliie: of the Alm decreases with increasing fim thickzaws.
1.3 Emergy dispersive Xoroy aralpss (EDAY)

The clemontal smdy of the CTS thin fitms deposited 2t different deposifion time on 55
sobstrate are camried owt 'I:r:." energy dispanmive X-may anabyis (EDAY) teckmiges. The respectve
EDAY specta are shown in Fir. 3 {a-c). EDAY wxaminetion woplies the pressoce of copper, gn
and smlfor for all the samples deposited af wariows deposition cycles. Tha stnichiometric ratio of
Cn, 5n amd 5 wore determined by integrating the region ender sach Cu. 5n and 5 peak. Atoawic
parcemtage of Cn, 5n and 5 i CTS thin fles for diffemet thickmess and the cormesponding
sizndard walees are shown in Table . The chemvical composition of the flms pressmied in Table
I indicames the pmesence of Cu, 5n and 5 in stoichiometric amoust with slightly copper fch
content (Con'Sn= 2.17-2.49%). The Slm propared at 47 mizmtes is found to be mearly samo as that of
sizndard valos. It is also worth mentoning that the sinichiomeiric compositon of the thres film
samples did oot chempe sigmificantly. EDAY spectrum also showrs thet prepamd Glms are fres
frop irgmrities.

F4 SEM Analysis:

__________________________________________________________________________________________________________________|
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Fir. 3 (2-c) shows SEM images of CTS films with thicksess of 251, 4210 and 550 nm for
&0, 75 and 90 prinutes depositon tmoe at 10,0003 mapnifications. An increasing depositon tims
shiowr significant change in susface mworphology of CTE thin flev. Fip. 4 (2) shows 2 =nifom
distribution of spherically agglomarated memocrystals ie. it chows the i:-l:':III]:Il'I-I:-I- cystal ghz-'n.'ﬂ:l.
over the antire mrface of subwitrate. It does mot cahibit appreciable Fraim formaton. The gradin
formation is seem in Fig_ 4 {(b). The unifcom densiry, adhoesion to the sebsmate and compact mamre
of the film incresced with fle thickweus. With incrosse in depowifion tms, enphanceomanr is
agglomeration of the Fraim and compacmess of the flm, remis o the foreation of chster typs

struchire. SEM images i Fig. 4 {c) indicate that CTE Glos is composed of & dense paciing of
wpharical gzaing without 2y voids, signifying umiformity and compact nature of thin Sle susface.
It is obsareed that all the flms: are homogeneoe: and bavs dense microstacmres. The fSlm serface
locks: smxooth and emifores. It is well clear Srom the micrographs that the particles are sphegical
and adhoremt It can B sosm that thowe spherical grains ame mmiformby distdbuted tr cover the
wnrface of the swbitate completaly. From the micrographs it is obesried that the sirs of the grain
increased with increass in depositbom timwe as evinced by the XED specma Alwp, 2 small
crysizllites growath oo compact surface i chaarred. Further with increass in depesition tims,
il surface becomes deteriorated and slight decreess in Slm thickness is obssrved. Fadhay ot al
18] has reporied deterorxton in flews, while Salgam et al [21] obsarred macmoscopic defects
wnch as wodds and cracks on the serface of the film with thickmess.

2.5 Emrface weriability siady:

The contact angle depends npea the chapvical compositica aad the mrfzce meaphology of
the sapvicondecting slectrades. In thiz stady, the war contact anple = fonnd to ba 849, 1.8 and
57.5" for with increasing deposition tims from 610 mizmius to 30 mizmbes, respecthvaly (me Fig. )
From serface wettability sdy, it is obsareed that the ixierfacial snergy betarsan the £lm surface
and water moeased with thickmess loads to decruase n combact angle. Surface wwiabdliny is
decrmaned with moese in flm thidknoss doe to two reasons: (a) thick film has melathrely less
internal and sotermal wirwin emergiss compared to the thin ome [22] and (b)) the contect angle
decreees with ronghness of the files surface [23].

3.6 Opdcal dmalysis:

The optical absorptiom of CTE thin Slevs for differsnt thicknesses kas besn investigated as
shown = inset of Fiz. 6 (a-c). Ths band gap eoergy of OTS thin £lms mcalcu.lmd.u.mgl:'lﬂ-
optical absorption specioacopy. Thass specta mwoealed that the depewdmd CTS thin Slms have
Eigh abserbance of Lght in the wizikle region, indicatng |.1:- applicability & mahs-:-:rl:u.u.s matarial
Eand gap value: aro sstimated by plotting graph of {2hn) * verms (o), whare o & the absorption
coafficiont and bo is the phoon cnsrgy. The band gap (E.) valoes are found to be 1.4, 1.2 and 0.9
' for #0, 75 amd 80 mxinntes deposition time, respectively. It is obearvod foom Fig 6, that the
band gap gradnally decreases from 14 to 08 oV with the mcreasing flme thickeges:. The linear
matre of the plots indirates the exvencs of the direct mamitons. The decrsass in band gap can
be morbed to the prosence of secondary (Cef) phase in the compoond 2 confireed from the
XERD stady. Also from the compesitonal shedy, the Cn/'Sn mtic increases fom 2.17 to 249 with
increasing film thickness. This increaied copper compeositicn results in absortance of the light
from tho wvidble to IR regiom. Thas, the copper rich compesition in the CTS compound leads to
formation of secondary phece and eveminally affects the band gap of the compound. Stmilar affect
of band gap redoction fropes 1.4 to 0.9 oW for CTE Slms doe to presence of secondary pheces was
obsarved by Zhao and Cheng [24].

3.7 Phote slecirochemical (PEC) measmwrement:
I"l; T (m-c) shows the comest-volizge (I-V7) charascreristics mecorded under constanr
conditioms. for CTE thin flees of vanoss thicknssses = 0337 M LiC10y (Lithimnms
perchlomate) elscoolyte wolutica The photovolizdc cuwitput chamacteristics of CTE thin £lms are
sindied by fabricatmg SSCTSLACIDC Coll. Gradually increasing amodic phetocmment with
increass In megative potental mdicades p-iype conductivity of CTS than Ble= [25]. The magzitads
of short cireutt current {10 & 024, 0.35 and 0.30 mA and opan circudt wobtxge (V) iz 3520, 735
and 5& m\' for vanoms depositien tms 60 to 20 edmntea, rempectively. The beat PEC parformancs
iz ohbtaingd fer S0 mimmtes dapocition firs thin HSles
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Solar call parameters for CTS Slex of diffesent thicknesses tabulated i Table 3 sbows
that sample 90 mizmuies deposittcm time bhaving 7590 =z thickzesses, mupresemts betise PEC
psriompance. The highest walees of photr convenion efficisocy 0.15% wath Sl fcbor of 267 T
are achiewed by B mdontes deposition thin film. As discusssd sarlier (Fig. 4), that the kival of
compact surface solances slightly with the flm thickness, which & nsefnl foor PEC pooperties.
The FEC mwasuumsent coxfimoed good photcactivity of different thicknessss CTE thin Slms,
prwpared by simple CED method Pusthermwors, the comversion effSciemcy of mch flm cam ba
considerzbly inczeased by thermal, chemuical and (phedin) slecirochemical serface teatmeats [16].
Comclasions:

In comchisicn, CTE thin Slms baw beca suoossafully deposited by sizople amnd
mexpensive CTED method. The sffect of OTS5 flm thickness oo the stucheral, morphological,
optical and PEC proparties of CTS thin flm is smdicd The XED smdics mewwaled that CTS
exhibit napocrystalline structure with iclinic phase. Also, additomal peak comrespoazding to
secondary CuS phase v chesrred in the diffraction pattern. Improwemsnt in crystallmity of the
films with mcreasing fley thickness was obsarved. The cheamical composition of the £lms showes
the presence of Cw, 5a and % in stoichiometric amount with slightly copper rich centeart {Cn/Sn=
2.17-2.49). The psoaphological smdy revrealed that nmiform, demsity, spherical and compact paters
of the flms inceased with incressing flm thickness. Alse, with imcmeasing CTS film thickmess,
cptical band gap redoced which is mulatwd to sobazceamsnt in the aystallite size and decaeass in
defect density of the film. The sudy of PEC properties confirms good photocacthvity for sample 20
exinntes deporition titme having ¥ om thickmeuses. Hemce, it can be concloded that the film
thickngss plays an Importest roles in parformemces of PEC cells and om the charactaristic
paramatars of the Slows.
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Figmre Captions:

Fig. 1 Flot of thickness variation of (&) CT5-60, {(b) CTE-75 and (c) CTE-20 CTE thin Alees,

Fig. I XRD pattarns of {a) CTE-50, (b) CTE-75 and {c) CTE-50 CTS thin flms.

Fig. 3 Enargy disperave X-ray spectroscopy (EDANY of (o) CTS-60. (b) CTE-T75 and {c) CTE-50
this Hlees,

Fig. 4 5EM imapges of (a) CTE-80, (b) CTE-75 amd (¢} CTES0 thin Slms at 1000031
mapnifirations.

Fig. 5 Sorface wetizbility anabyuis of (a)) CTS-60, {b) CTS-77 and (c) CT5-50 thin Slms.

Fig. 6 Band gzap plots and optical absomprion spectra of {a) CTE-80, (b) CTE-T5 and (¢} CTE-50
thixn i

Fig. T Photovaltic cutput chamcteristics of (a) CTS-80. (b) CTS-75 and (c) CTS-20 thin Slm

Table captiom:

Table 1 Stactaral paramgtems of CTS material.

Table 2 Atopvic percentage of Cu. Snand 5 in CTE thin Sl
Table 3 Photoalectrochemical cell pararsatars of CTS puatertals.
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Diepozidon thicknes: 'llrrs_r.lJ.h.u.-: 5I'.r=.'|.u.= denszity Nzl
time (miz) {nm) kEl s == 10 &xl0™ {m)
D (nm) (Eme” m™) r
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& 251 {2-11) 3412 o2l OLGE 542
T= 230 {Z-117 4z B.25 056 +21
il 320 {Z-117 53.30 §.30 0.35 1.530
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[hep osition Standered Calcolsied Cuis
fime (min) | Coar % | Smat % | Sat % | Coat % | Smat % | 5at % wies
Bl 19 3] 135 i4.70 217
75 13.33 16.&7 50 3080 131 5865 132
Qg 3171 117 5700 140
Tabls 3
.. Film - . .
Diepepsitian . L. L | . Ve Efliciemcy
time {min) "’J‘:”’ (may | (V) | ma) | my | TR T n %
LT 251 024 315.20 0135 15.68 0277 a.004
75 430 035 75 21 30 0241 [ Wi
2 120 0.50 56 31 2= 0265 [N
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