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Successi ve ionic layc r adsorption and reaction (SILA R) Illcthod was uscd to dcposit coh;ilt sulphidc (CoS ) thin f ilms on 

alllorp hou ~ ~1; l ss and Si ( I II ) w;l fcr suhstratcs ill aqucous lIlediulll usi n~ cnh~l t sul phate (CoSO~ ) solu tion as the cat iollic 

precurso l' ;Ind sodium sulphidc (Na2S) solutioll as thc anioni c precursor. Thc condit ions for thc format ion of ~ood qu,l l ii y fillll ~ 

~ u c h ; I ~ COllCcllll·ation. fi l l. ;lIld tcrnpcr;llurc of aniollic alld c; ltionic precursor so lutioll s. immcrsioll allli rin s i n~ timcs and numher 

of illlill e rsioll ~ \Verc optim ised. The structur;iI . opt im;iI ;l1ld clcctr ic; iI propert ies ol'the films arc reported. 

I Introduction 

Coba ll sulphide is ;t semi co nductor with bandgap 
energy eq ual to 0 .9 eV anel has potential app li cations in 
so lar se lec ti ve coatin !:!;s . IR detec tors and as a storage 
e lectrode in pho toe l ec~troc hemi ca l storage dev ices I .:' . ~ 

Chemi cal depos it ion or cohalt sulphi de (CoS) thin 
ri I ms rro11l an al ka line med iUIll bat h usi ng thi oacetamide 
,tS the sulphide ion source has been reported by Basu ,tnel 
Praman i k \. For thi s, O. 2.'i M cobal t (II) ch loride solut ion 
W;tS mi xed "v ith 16 N TEA ami 14 M N H~OH soluti on 
with constant stirring and 0 .2 M thi oacela11lide soluti on 
was added to it. After 6 to 7 hr, the s li des were covered 
wi th thin black depos it s. The ri lms were polye rySlalline. 
The hand ga p energy was es timat ed to be 0 .62 eV and 

e lectri cal res isti vity was or the order of lOll Q -C ill . 
Therilloelectri c po wer Ille; tsurement showed that CoS 
rilms is a p- type semi condu ctor . Lokha nde has prepared 
lOS ri lll1s rrom acidic mediulll us in g sod iu lll thiosul 
phate (NalS:,O ;) as the sulphide ion source~ . For thi s, 2.'i 
ml () . I M cobalt su lphate and 2.'i ml 0.74 M sod iulll 
thi osulpha te (N a:,S:,O ;) s() lu tions were l11i xed together 
with constant stirrin g and to th is. 1011110.1 M EDTA 

s() lut ion was added. T he so luti on was ke pt at SO dc. 
A rter onc hour the slides were covered with da rk-grey 
shinin g depos it. The rilms we re rou nd polyc rys talline in 
na ture and showed/Hype e lec tri cal conducti vity. The 
opti ca l hand ga p was found to he 0.94 eV and e lec tri cal 

res isti vit y waso rtheorder nr IO \ to 10 o.-CI11. E'ze and 
Okcke have cil:pos ited C()S rilill s usin g coba lt chl oride 
dnd lhioured as Cn:'+ and S2 ion sources. respect ive ly 
tilrough chem ical bat h deposi ti on tec hni que". Ma ne et 

a 1. (, ha ve prepared the CoS rilill s by spray pyro lysis 
method usin g thi ourea as a sulphi de ion so urce and 
coba lt sulph ate as a cobalt ion sou rce(' . The rilill s we re 
mi croc rystalline. It was round that the opi tca l band g:IP 
is 0.97 e V and e lec t ri ca l res ist i vi t y is of t he order or I ()~ 

Q-cm. Therllloe lec tric power Illeasure illent s revealed 

that CoS is a /Hype sellli conductor. 
T he ,~ u cce .~s i ve ion ic layer adsorpti on and redc ti on 

(S ILA R) i.s a new. simple and eonveni cnt cilemic; ti 
meth od ror large area depos iti on o r thin J'i I I11S or met,ti 
chalcogenides. The success ivc ioni c laye r adsorption 
and reacti on (S ILAR) method is based on irnmcrsion or 
substrate a lternate ly into different ca ti oni c and an ion ic 
prec ursor so lutions (adsorpt ion and reacti on) and ri ns
ing in between with ion exc han ged soiuti on to avo id 
homogeneous prec ipitat iOIl. The time durat ions 1'0 1' ad 
sorpti on. reacti on and rin si ng can he ex periment ally 
determined. ln princip le. it is possi hle tn depos it metal 
chal coge nide thin film s usin g thi s method ont o variet y 
or substratesX'J The detail ed mec hani sm o r CdS thin 
rilm rormati on by success ive ioni c layer adsorpti on <lnd 
reacti on (S lLAR) method has bee n d isCLt\ sed e; lrli er". 
The method has been appli ed 1'0 1' the prep:tt'a t ion ()J' thin 
rilllls of CdS, ZnS , CdZnS, PbS , Cu,S, Sb1S\ ete. 1 Rd. 
9- 121. As far as authors ;tre aware oJ', there are no 
allempts made to prepare CoS thin films usin g s u cce ~ 

s ive io ni c layer adso rp tion and rcac ti o n (S ILAR ) 

met hod 
In the presen t investi ga ti on. we report the rirst suc

cess rul depos iti on or cobalt sulphi de thin films by suc
cess ive ioni c layer adsorption and re;tc!ion (S ILAR ) 
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method. Conditions for the formati on o f CoS thin film 
are optimized. X-ray diffracti on (X RD ), opt ical absorp
ti on, e lec trical res isti vity and thermoemf measurements 
,Irl: carried out to stud y the properties of the CoS films. 

T he Cilti oni c prec ursor for CoS thin rilm formati on 
was 0.02 M cobalt sulphide (CoSo.!l so luti on. The tJH 

was adjusted to - 8 by addin g liquid ammonia . The 
cationic precursor was 0.05 M sod ium sulphide ( a2S) 
so luti on with pH - 12. For rin sing purpose double di s

till ed water (res isti vit y - 18 M Q-c m) was used . Mi

cros lide glass of the dimensions o r 26 mm x 76mm x 2 
mm and sin gle crys tal S i ( I I I) warer of dimensions 20 

111111 x 20 111m x 0.5 mill (II -type, e lec tri ca l res isti vity 

O.O()5 to () .() 15 Q -c m) was used as substrat es . The glass 
substrat e was c leaned ultraso nicall y for I() min , rirst in 
,Ice tone and th en in di stil led water ethan ol ( I: I) so luti on. 
The sin gle crys tallin e S i ( III ) warer substrate was 

etched in I07r NH~ F so luti on at 10°C for lOs to make it 
hydrogen terminat ed and then rinsed with doub le di s
til led water deposit ion was carried out at room tempera

tun.: (27 °C) 
The adsorption , reacti on and rinsing time du rations 

for CoS t h i n film deposit ion were opt i mised by conduct
in g seve ral tria ls, so that the homogeneous thin fi lm 
formation takes place. One SILAR growth cyc le in
vo lves rollow in g rour steps. I ) The substrate was illl 
mersed into ca t ioni c precursor (0.02 M CoSO~ so lut ion) 
ror 50 s, so the Co2

+ ions were adsorbed onto the sub
str,lte surface. 2) Then the substrate was rinsed with 
doub le di stilled wa te r 1'0 1' 7 5s to reillove loose ly bounded 
C02

+ ions rrom th e substrate. l) Further, the subst rate 
was immersed into anionic prec ursor (O.05M Na2S so
lution) ror 50s, so S2- ions were adsorbed and reacted 
with Co2

+ ions to rorm thin ri lm or CoS. 4) Again the 
suhstrat e wa.s rin sed with double di stilled water for 75s 
to relllove the unadsorbed and unreacted S2. ions frolll 

the suhstrat e. Thus nne S ILAR cyc le consisted or 50s 

;I Li sorpti on or cations. 75s rinsing, 50s ad sorpti on and 
rc;lction o r ani ons and 75s rin sing. In order to stud y the 

versatilit y or the Illeth od . large are;1 ri I illS of CoS up to 

- 50 cm2 were depos ited on the amorphous glass sub
strate . 

Film th ickness was determined hy the method or 
v,Icight difference in whi ch area and weight of the fil m 
we re meas ured . The thi ck ness was obtained by assum
IIlg bulk denSity or CoS (5.45 g/c m '). The c rysta l struc
ture and crvstall in e ori entati on or th e rilm s were 
detcrmined wit h a Philips PW- 17 10 X-ray dillracLOmc-

tel' using CuKa rad iat ions ( A = 1.5405 A). Scanning wa.s 

made between 10 to J(lO°c. Optical absorpt ion spect ra 
of the film s were recorded on the UV -V [S-N IR spectr(l
photometer (Hitachi model. llO, Japan ). The e lec tri ca l 
res istivit y was measured using dc two probe Illethod 
wi th silver contracts . 

The CoS films depos ited up to 25 S ILAR growth 
cyc les were uniform and well adherent to the substrate. 
The fi lms were black in colour. Film thi ckness was 

fo und to be about 0.3 ~llll for 25 SILAR growth cyc les. 
After 25 SILAR growth cyc les. film sta rted pee ling oil 
the substrates, probab ly due to formation of powde ry 
film over a compact film adherent to the substrat e . 

Fi g. I shows the XRD patterns of cobalt sulphide thin 
film s on a) amorphous glass and b) sin glc crys talline Si 
( I I I) wafer substrate. The film ont () aillorpholis glass 
substrat c is amorphous or consists of very rinc grain s, 
whereas rilm ont o Si ( I II ) wafer substrate is pnl ycrys
ta ll in e. Such typc of improvements in crys ta ll init y in 
case of ZnS thin films by usin g si ngle c rysta l Si ( 100) 
substrate has been reported earli e r '~. The co mpari son or 
the observed d va lues with standard d values ' :> for CnS 
thin rilm is show n in Table I. These va lues arc in goud 
agrecment conrirming that the depos ited materia l is 
CoS. 

The opt ica l absorpt ion spectr<l of CoS ri Im s dcp(lsit cd 
on amorphous glass subst rates were recorded in the 
wavc length range I O{)()-200() 11m with ;lITlOrpholi s g l<l ss 

as <I reference at room temperature (27 °C). Fig. 2 s ll()\v ~ 

the plot of adsorption coe ffi c ient against wavelength for 
CoS thin film . The opt ical data were ana lysed from the 
fo ll ow ing c lassical re lati on. 

A ( h I' - E f!, )"/2 
0. = ' 

. h\1 
... ( I ) 

where a is absorpti on coeffi c ient. E~ is the scm iconduc
tor band gap and A is a constant whi ch is re l ~ lt ed t(l til l' 

Tah le I - Compari soll 01 ' ohserved " v,li ues with SI,IIll! ,lrd Ii \ ,li tle' 
I Rei". 131 or CoS Ihill rilm OlltO ~ Ia" alld Si ( I II) warer sulN r,ltc' 

SlIhstr,lI es 

A morphous 

gl~ l SS 

Sit I I I ) w,lrer 

Ohserved Sl,llld,lrd Refl ection Rem,lIl 

t! va lues t! values planes 
(A) A (ilk l) 

I A6 I A (l 200 ,llllllrphOl I> 

I .OX 1.(lX 211 

1.54 1.5 10:; pol vLTv,I,lili nl' 
I .O-i I .m 114 
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effective masses associated w it h the va lence and con
duction bands. For allowed direc t transitions, 11 equal to 

I ,Inel for indirec t transitions equal to 4. Fig. 3 shows plot 

of (ah vr~ against hv of CoS filill. Since the variation of 

(ahv)2 w i th hI ' for CoS film is a strai ght line ind icating 

400 
Si 
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200 

that the in vo lved tran sitions is direct one. Bandgap 

energy, Eg was determined by extrapolating the strai ght 
l ine port ion to the energy axis for ze ro absorpti on coef

fi cient (a). The bandgap was found to be 0.94 eV. wh ich 
is comparab le to the va lues reported ear l i er~ . 
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Fig. I - X-ray dilTraclion pallcrns or CoS rilllls nn a) amorphous glass and b) Si ( I II ) warcr suhsu';ncs 
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Va riati on of e lec tri cal res isti vity (p) with temperature 

wa!-> studi ed in the temperature ran ge J ()()-500 K. Pl ot of 

I()g p again st I ()O()JT (Fig. 4) shows linca r nature. Res is

ti vit y dec reases with increasin g temperature show in g 
Ihal C()S film is ;1 se mi conductor. The da rk e lec tri cal 

res isti vit y at rooillt eillperature (27 °C) was found to be 

of th L' order of I O~ Q-c m whi ch is comparabl e to th L~ 
\ ' ; !I ues reported ea 1'1 i e r~ ·h From the t hermoe m f measu re

ment , it was founcithat CoS film is a /Hy pe semicon
du ctor. similar to prev ious reporl.~~ ·(' . 

Relatively Ill:W and simp le success ive ioni c laye r 

;Ici so rpti nn and reacti on (S ILAR) Illeth od is empl oycLi 

to depos it CoS rilms on amorph ous glass and S i ( III ) 

wafe r substrat es. The crystallinity of the rilms depend s 

upon the substrate. Us ing thi s meth ()d large area depo

siti un up to 50 cm! h;1 e hee n obtained on amorphous 

gl;lss substr;lt e. The opti cal tran siti on in vo lved in CoS 

i" ur direc l and it s bandgap W;IS found to be 0.94 eV. 

From elec trical res isti vi ty Illeasurement s, it is c lear that 

the CoS rilms arc semi conciuctor with dark e lectri cal 

res ist i vit y at roo m te illperatu re or the orcier or 10" Q-Cill. 

I- rolll the rllloell1f study the CoS is p- type se llli co nduc

tor. 

Auth ors are grateful to Un ivers it y Grants Commi s
sion, New De lhi 1'01' the rinancial support uncle I' the 
projec t: F: 10-17/97 (S R-I). 
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