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INTRODUCTION 

Photoelectrodlcmical solar cells (PESCs) are technically simple. arc of low cost, ha\"(~ in-situ 

solar energy storage facility and havc attracted considerable attention for many YI~:US [1. 

21. The ternary chalcogenide semiconductor CdS.l:Sel_.I: (0 < x < 1) is n potential candi

date for PESCs whosc bandgap(E,) can bc varied from 2.4 c\· (CdS) to 1.7 cV (CdSt~). 

Normal chemical and electrochemical routes for preparation of CdS [3 too 51 and CdSc~ [6 to 

81 thin films hav!' already heen reported enrlier hut works on CdSzScl_ r :.re i\ fcw only 19 
to 121. The chemical-eledrochemical techniclile appears to be more suitahle for preparing 

tailor-ron.de bandgnp CdS.rSel_r film!; for large-area de\·ices. Hc~rf!. Wf! report the details of 

electrodeposition of CdS.rSel_z films, its PESC performance and some of its properties. 

EXPERIMENTAL DETAILS 

CdSrSel_ r films were deposited gah-anostatically on pre-cleaned Ti and conducting glass, 
substrates which sen'ed as cathodes in a single-compnrtment, two-electrode electrochemical 

cell with Pt as counter electrode. The deposition solution consisted of 0.12 M each of 
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Bandgaps for two diffcrent Sc concentrations ha\'e been determined from optical; 

sorption studies in the w1l.\·elength range 410 nm to 810 nm. 

Electrochemical characterization was carried out by obtaining \'olfammograms in (]; 

and under illumination from -9,j0 mVsc£ to +500 m\' seE· 

RESULTS AND DISCUSSIONS 

FiJ,!;lII'c l(a and il) shows opl'n-cirmit photo\'oltagc (Voe ) and short-ci~cuit photoclln 

density (J.e) as functions of (i) Sl' conccntration, (ii) electrolysis currcnt dcnsity, (iii) 

and (i\') a;lIlcalill~ timc of CclSrSI'i-r films used ill PESCs with S}-, S2- clcctrol~ 

Tlw optimllll1 deposit.ion p;\r:IlI1t:I,'rs f(ll' n'!lsClllably ,~oCld .films WCft! found to be : (i) 

cOlln'lItration = 2.50 1I1~1. (ii) ..i,·\,twlysis nllTl'llt density = 2.5 IIlA/rm:!, (iii) pH = 
anll (i\') anllcaling; time = :2 mill. 

Thc: film formation mechanism is assllnll'd to prOC(Tc! in thc following steps [3, 4. 

Formation of ions
 

CelSO. + NH l -) [Cd(~Hl)d:!+ +SO~


~H2CS:\Hl .. OH- -) CH!~2 + R!O +HS


~a2SeSO:) -) 2~a+ + Scsoj-


HS- + OH- -) H2 0 + S2

ScSO;- + 20H- -~Se2- + HlO + soi-


The o\'ernllrcnction at the cat hodI'. acting as a catalyst. goes by the adsorption/dcpo5 

of [Cd(:\H:) ).. ]2+ followed by reaction with Sl- and Se2- species. 

2[Cd(:\,ih)dH + xS 2- + (1-x)Se2~ -~ 2C<IS r Scl- r + S:\Iht 

In thc bulk also a similar rC':1Ction follo\\'s katling to the fOl"lllationof CdSLSfl-L par 
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• 
which either settle down nt the bottom of the beaker or are adsorbed at the electrodes. 

Adsorption of these particles at the cathode gives rise to an irregular surface morphology. 

Higher Se concentration (ei ther presence of greater amount or SeS 0:12 
- species or higher 

electrolysis current) makes the film porous [121 resulting in poor photoresponse. Films with 

low Se concentration or low electrolysis current gave lower values of J.e but higher values 

Voe due to its higher bandgap (since Ul'h.mu = Egje. [I\). At lower pH, hydrol)"sis of 

NH'lCSNH'l is slow [4} and lesser amount of S i~ present leading to Se rich films resulting 

in poor photoresponse. At higher pH (- 13), S liberation is rast leading to S ricb films· 

[121. Annealing in air increases grain size (101 and incorporates oxygen in the film. Oxygen 

incorporation increnses photoscm9ith·ity. Both the! eff(~ct8 incr<."nsc photoresponse.Howp.\·cr, 

annealing at higher temperature or higher annealing time results in a surface Ti01 forma

tion, thereby lowering photocurrent. 

As CdS~Scl_~ is a direct band~np semiconductor. the bandgaps have been t."Stimated 

frolll extrapolatiou to zero ahsorptioll ill the (01", fli \.S 1111 plots shO\~·n in figure 2. The 

balldg:l().,) lmvc~ hc~c:n found tn 1)4~ 2.2-4 eV and l.iG eV for Se concentrations of 2.50 m~1 and 

4.38 111M l"I~spedi\'c:ly, which is in ~on(l a.!!;rc'C'IIIl'nt with ot hl~r rl'portr.d r~\lhs 1121. 

Elcctrodll:lOical c!JaradC'rizatinll W:IS cloII l' hy ohr"illiug \'oltamlOograllls in dark and 

under illumination ~hown in figurc 3(;1). An increase in dnrk anodic current without nny 

sign of saturntiou ill tIle rcgion -850 m Vsc E to +500 m\'scE is scen. The ilhllninated curve 

is similar but tIll! currcnt is highc:r. This iuclicatcs that thie mnt(:rial is n-type IJ} with high 

density of su1f.\ccjdcep trap:; as is iufcrcd from the high unsaturated photonnodic currcnt. 

PESC parmllcters with the optimised CdSrSt'l-r film (shown in fig. 3(h)) arc: \'oc = 

. 212 mV, J.lC = 1.62 mA/cm2
• Fill-factor = ~O % nnd photocon\"ersion efficiency =0.2S %. 

Low photocon\'ersion efficienc~' is nll\inly due to non-uniform surfllce morphology and high 

series resistance. Efforts are on to increllse the efficiency by etching. 

ACI(NO\VLEDGEl\IENT 
\ 

The Jlinior Ilesearch F,>llowship awnrdcd by C.S.I.R. Iudil\ to one of the l\uthors (D.lllis

gratefully acknowledged. 

J 

REFERENCES 

[1] R.Memming, Electrochim. Acta 25, 77 (19S0) 

[2] J.Manassen, G.Hodes and D.Cahen, J. Electrochem. Soc. 124,532 (19ii)
 

[31 S.N.Sahu and S.Chandra, S~lar Cells 22, 163 (198i)
 

{41 T.L.Chu, S.S.Clm, N.~chult~. C.\Vang and C.Q.Wu,
 

J. Electrochem. So~. 139,2443 (1992) 

(51 A.S.Barallski,W.R.Fawcett, A.C.McDonald, R.M.de Nobriga and 

J.n.McDonald, J. Electrochem. Soc. 128, 963 (laSl) 

[61 ~I.Coci\'crn, A.Dnrl\ow!'Jki :llId Illo\"(~ . .T. Elcctroclwm. Soc. 131,2514 (laS4) 

[7} D.J.~Iiller and D.Hancmau. So!. Energr Mater. 4,223 (laS!) .. 

[SI n.C.Kainthla, D.K.Pand)·n. and KL.Chopra, J. Electrochem. Soc. 12;,17 (la80) 

[DI n.O.Luutfy aud D.S.Ng, Sol. Encrgy Mater. 11, 31a (lD8-&) 

(101 ~I.:'\ishitalli. 1\. Hisailloto and ~. Yukami, Thin Solid Films 1 i6. Lis, (lDSD) 

[111 J.ColI;l.alc;I.·\'dasco and LIllllh:i)';\\l'z, Sol. Energy ~[n.tcr. 20, 16i (10~O) 

[121 T.Eclallll\l":l aud .l.~ll\t(), Thill Solid Films 226. 135 (10031 

·4 



I' Fig. 1 : Variation of V and J.c with (a) Se concentration and electrolysis current density oe
 

and (b) pH and annealing time.
 

Fig. 2: (ohv)2 Vs. hv for two CdSzSel- r films with Se concentrations of (1) 2.50 mM 

and (2) 4.38 mM. 

Fig. 3 : (a) Voltammograms in dark (1) and under illumination (2) for CdSrSel- r film 

in the region -950 mVsc E to +500 mVSC E 0 

(b) VI''' - J,,1a characteristics of optimised CdS.a:Sel_r film. 
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