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'CHEMICAL DEPOSITON PROCESS AND DEPdéITIUN
OF CdS AND CdSiSb THIN EILMS'
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. fhe ‘details of theoretical aspects and various

’prbcesses~ involved in both thin films . and electrochemical

-

photovoltaic cells are described in Chapter-II. It is -our '

.'prime ‘ eim ta prepare an e¥¥1cient material for ~ the

cpnversiun ‘of eptitel gnergy into an electrical, therefore

-devéreﬁméntﬁko{‘_an~eéficient experimental process for the

\

preparation- ‘bfg the “material . is lhe need. Further

R .character;satinn of the material is. also of the key.

..n. " \._ -

importanceZ‘: In this chapter a des:riptxon is made of the

N

b’ﬂesan and &abric&txon of a chemical _deposxtzan. system.

¢5ectfonﬁ,n3 Zfﬁ,. The - $gatures. by ' which the .chemical

4

depositinn prncéss overrides the ‘.other conventional

depositlan“brocesses are outlzned in -‘section . 3.3. The

possible growth mechaﬁism for the preparation of CdS thin

films i qiven in sectzun J.4 whereas the exact preparatxon

prbcedure buth fur CdS and CdS:Sb thin films is descr;bed in -

;f section 3 5.

Z 3 2 Qggigg; Egg gg ;gn. and Devglggmenffzgi-.g éhem;gg; )
.':: QS‘.EQQ__LQD. Ez_t__.s em. .

Being one of .the pioneer workens o& the Thin Film:

p
>

Research Laboratorv, a gradual develapment of' a chemibal;'
depusition process was undertaken in view to optimise +the
different -parameters_ and mechanical adJustments. The
phgtoqraph . showing the minimum requxrements of 'the

' experimental set up necessary for the depbs;tion of CdS. and .

' CdSle films is shown in fig.3.l.Essentilly it :onsists of a

)
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"dUst‘:proof chamber ,an oil trbugh;and constant temperature

~*

.'assembr§._rgaction vessel and substrate hold?r;

.353'?;1 :Qust-pfoaf chamber 1

A metallic dust proof, clean chamber of the - dxmens;ons

l B x. 0 8 x: 1 meter uas de51gned and #abrzcated in order to '

-

'Ji avoid coﬂtam;nat;on ‘of the samples 'by dust partlcles,

hUmiditv,“natural gases etc. An outlet at the top of the

l . 'f-'l_.-." .

n 'ohamben- is ixtted to a- exhaust fan vid a holiow- pxpe' to
R '.“s-._.-;.-n v
remove‘the gases evolved during the f;lm deposxtlon. .

-.;n L . . . . .
L] f._ b - .

3 2 2 An'oil trough and constant temperature assemblys

. st . : .
e Lt - . . - ~

“r;i:-' A iéékﬂ prooi stainless steel- oil trough ﬂdf’:'the‘
.dxmenszohs él % 16 x 10 inch with 27 Ii%re‘ in capacity,
sUppl;ed~bv Modern Industrxal Corporatlon. Bombay, was used. -

5 1n order to Achieve the required temperaturef Ih order £6'

:3Q_minimlse thermal losses from the trough, ‘a glass wool was

-

? interposed between the inner staxnless steel and outer

.M N .
B r

metalliq_ walls. A 2000 w electrxc heater .was used to bheat

.- - .-'.
- '-..“' L

0
the para#in oil within an accuracy o4 -+ 0.59 C. A

w synchronous universal motor was used for contxnuous churning

v e

"tf of the oil to ma;ntain the constant and uniform temperature

LR

) throughout'the-oi[ trough.

.;: 3.2.3 ‘Reaction Vessel :
let Qas a 2580 ml' borosil glass -beaker to which
.'Tabpropr;ate amounts of solutions of codmium sulohat@.3:and

-iammonidﬁ-,wereimixedm The mixture was‘heated to a su1tab1e
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.;temperature using an oil trough. Tbe-cdntinoﬁs addition of

v

J th&ourea' .was _dong by a- specxally fabricated cvlindr;ral
9 cornan ‘glass tube open at one end and at the other end a
:0 1 -cm 'caplllary was sealed to qh;ch. a _med}ca{ sa;ine
controlling tube' was attached. A required quantitv of’

'Zthxourea snlution was added within a nredetermlned time o+

.
L9

;debositlon;_ The whule assembly was flxed to a reactlon

:i:vessel stand attached to an oxl trough as shown in fig 3 2.

e -_.

Eﬁs 2m ’ﬁdbstrate hodder :

The*chemically deposited CdS- films. in respect’of their
_hquality are dependent on the geumetrv Of the substrate

:fghalder. Hence a substrate holder as mhnwh in fig, 3.3 was,

;fdesigneduand fabricated in our laboratory. It consists of a - -

PR

" ¢

{circular bake!zte disc of S cm -in dxameter and 1 2 cm.

.?:thickg. The d:sc was slotted to fix the: substrates in su;h a

a;way ghat each sldt is exactly perpendxcular to the other

.| .

‘ :(i.e.' the slots were cut into the holder makxng 3ac, 12@',

M 210'.~and 300' anqles with respectxve Uiameters of the

tholder). “As every substrate is perpendicular to the other,
‘.proper_,anp cont1nuous bulk churn;ng of,the solution in

:reaction _Qessef{ in all possible - directiens was made

-

..:pnssible.- The stem of the substrate bolber can be fitted to
‘.a, universal ‘cnnstant speed A;C. gear mator via a .bushing
':arrangement- ¥abficated':in our laboratory: Tbe motor was
-lbernanentlv ¥itted to a drilling machine stand.. The drilling
f:machlnb ﬁtand wae modified in auch a fashion that we can .

i_adjust ' any constant position of the motor. For the
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: _Fi§,3}éz Arrangements for

pogition of reaction container.
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. © Fig~3e3 Design of the substrate holder

84:



45 :

'[exoerinental purpose we adjusted the pOSlthn of the mocor-
.so. .as to dip more than 2/3 portion of the substrates into
the neaction vessel. The care was taken from touching any
-o¥ -éne substrates to the walls of the reaction container
which may cause serious damages of scratches to the samples

i and break;ng o¥ the reactxon contaxnen..if

+ 3.3 ‘Advantagaes gﬁkChemical Deposition Process,
. '._-. 'z.-f]--: . . . " . -

~ A :dichssion in brief is made of the design and
Fabﬂiéation cohsideraﬁions of a chemical deposition process
ahd is qxven section 3.2. In this article the -superioriiy

,-o# chemxcal depos;txon process is d;scussed. 183, 461.

.,._-..-
__..-.-"'

i) The f_ method does not . requxre . soph;st:cated

:?P 1nstrumentation Jike vaccum system and ‘other expens;ve'
'E;quu4pments.. It can be carried out in a glass beaker‘
='3;6h1yé An '0il bath and stirrer _are che equipments
i: .needed fand - hence . power consumption is also |
€ neql;q;ble. Further it ls cheap due to very small
:;.quantlty o# the active materlals. |
ii) The : mehhod .lis"-ideally suitednﬁfor _,Jarée ‘_ﬁrea'
'i ’Heposition 1é can be done by"using large. uolume-

“

1:vessels.

:iii% k.rarqé number of subscrates can beicoated in a single-
‘run‘ with a proper design. The design includes only'
_.positioning of the substrates along the wall of the

\-_f" reaction .container. |

i¢l Electr1ca1 conductivity of the subst;ates is - not a

’ hard and ¥fast regquirement. Hence'any insoluble sur*ace:
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to which'the solution has free acceés will be suitable
substrate for deposition. .
v¥ The. ' deabsftion is at 1low -témekature _aﬁdz avoidéJ
-Eouidation .or corrosion of the' métaliic édbstrateé;‘ﬁ
.-Further the low temperature _allows ; ‘difiérenti;l
'track¥ree deposits. ) - d
: §i{jThe method yxelds pinhole free, uni%orm deposits ‘as

L

. j-fthe sdlution 4rom which the films.are depo51ted always
p ???}}'remains 1ﬁ Touch with the substrates.: ' .
vii) Stoi:hiometr;c denosits can easily be obtained sinéé.
':Qhe basic buildxng blocks are ions' instead of atoms.,
-,viii! Dopzng,of fureign impurity can easxlv be ach;eved.
. i&fﬁThﬂ pracass of fxlm growth is slow which facilitates.

.....

‘5'better orientatipn of :rvstallites thh -improved grain'
:':;st;uctﬂ;e._q
:.}? Ai:_pqpvisioh for vigourous stirring of reaction
‘m:’: ;_soéﬁthh ~#s.-not needed. The suéstraie holder ig
-":aééfgnéd;‘suéh that substrates attached to -it churn-

I

_ wall the bulk of the mixture and each time the surface
:'fij;~;6¥ 'tha deposit is exposed to new building biocks of
g :'~fs'ca=+ and sa-

"xf) Comnbund f;lms such as sulphides and belenzdes of Cd,
.'Pb Zn,and Hg and their alloys can be easxly deposited.
xii) The im;ortant and cheap advantage oi_;his .method is -
"_'i.tﬁht it is;ppssiﬁle to depusit films on non-accessible .
'éﬁf?aca i.é.ipside of glass tubes etc., where they

-will be protected from physical damages.

'fjhe detailed procedure for the deposition of CdS thin-
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" .f#iIms followed during the work 'is summarised .in

section 3.5 of this chapter.

.*"..%.8 Growth Mechsnism gf CdS Thin Eilmeit - -
. L T T - . T -

'lbaémfum sylphide éhin filﬁs are éehérélly ;Fepafeq’_bvj'
cont;dﬁfé&”fpredip;tation #rom a. solutzon Eontainingl‘éﬁe
cadmium ~complex. and an organxc sulphur bearing tompo;nds
such as thzoﬂrea added at a slow rate tu have controlled and

Tslbuﬂgreqibiﬁatxoq of CdS 143.44..

" The grnwth of CdS from aqueous solut;ons of cadmium
’ 'sulphate and ,thiourea in an'- alkalxne med;um is first
',:;SungStEd by Lundin and the various steps xnvolved are

“-

‘ "'i) Formation of complex compounds as,.

. "
s v
; .

uu;i;.- ' casm4 + 4°NHg -==> [Cd (NH3)4l SOa,

{”:: | ii) Diffusion of the complex ioh. OH- and thiourea to: the
-nk catalytxc surface of CdS, '

if?) Eata!ytic CdS“dxssocxates thiéurea-as.

B _.(NH, Ja-C= S + OH- -—> CHa Na + Ha O + 8H- ,
..8 xv) Formation ui bivalent sulphide ion,_

P SH- 4 OH~ ——==> HaO + §= ,

.v> Formatioq of CdS,

. Cd (NHglg + S=~ ~== > cds + 2NHg T

‘-1;«i§.khown'tha€ the nucleation of precipitdte af 'SOQE
loc;? ‘inhomogenity occurs when ionic qrodutt exceeds the
- 'éoiybﬁlity product. Growth of'éﬁese nuclei bvltﬁe addittbﬁg
26£-'ﬁﬁre ions from solution results in the ;ormatiqn' bF

Eétéﬁle. nuclei ‘of the size greater than the criticdl size.
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:._ﬁurther,'_grpeth upto particle .size of 10@um results .inr;.

formatfpn of cplloidal dispersion. These primary colloids
ag a result 04 adsprptipn starts nucleation forming thin,

adherent. and specularly re&lecting fllms " indicating the

4

ciuster by cluster film grpwth. Kaur et al-.aq' showed that”
. r
the. 411m qrpwth ls by atemxstxc or "ion by 1un" rather -than

lusteraby cluster. supported by the fact that Eds fllm is a’.

. mixture :é¥_ hexagpnal and cubic phases, -whereas the!

I -,.

precipitate ‘i' lways a cubxc. Further they po;nted,,out:
that the cluster by cluster growth results fn .loose and

owdery #1lms with pnly cubic structure.

“n”

‘{ The »quantxty of ‘ammenia alters the 'qualiﬁy"of Cdé"

#ilms~~‘3_l the. ammonia selution- is_ 1nsuf$1c1ent} :td

:redissolve completely the whxte precxpxtate ef Cd(OH)a

thin,."adherent, and epecularly reflecting films are

pbtained. This- can be explained as-'!893. t when the
. substrates‘ are dipped in the reaction m;xture, a layer of

Cd(DH), on it stlmulates the decomposition oF thiourea. The
?

” 5“ ians thus id“hed are adsorbed by thxs layer resulting in

' --
l‘

CdS 411m formatipn.- Further, the growth: takes place by

?_raddxtroh' pf more. and ‘more Cd2+ and 52~ ‘ions._ Stxrring of
the solut;on increases the rate of arrival of Cd’* and S27"
lons- pﬂt the: substrate and also speeds .up the rateﬁ of

- cpagulation . of cpllpldal particles in solution. ' This’

=;resulis in Drecipitation of collodial CdS'particles which -

"now - cannot be adsorbed on the substrate 1eav1ng the' chance’

' {or ”1pn by ien“ film growth.

.s.
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..

f%ﬁ the- ammonia is just sufficient to ‘redissolve- the .

precin;tate, non-reflecting. thick, and less .adhesive films:-ﬁ

H

wf#brdiné large 'number of CdS partxcles wh;ch . not Beu -

e adsorbed to start the‘nucleation; Dur;ng the stirrlng

". o
"y AN toe .
‘ll.".__ - . o

are obta;ned. wWhen solution.is stirred, the .Eellqidad't

-sbgution becumes unstnb!e due .to enhincédﬂ.‘coaéulafion .

substrate'surface 15 bombarded with large. number of Cd=+ - and.

w RS .._'A; ,-..

L jé’ dgne; THis ‘éoupled with the fact that ‘s hydrophillic

. o
e, R

e - e .'"

-

.
‘o n

.-.r,_ . N

1“§ur§ace preferentially adsorbs DH” ions. from “an alkaline.

;:;51 sdlution resultinq zn 4ormation of CdLDH)g in. the solutman’

%i A due to hiqh ammonia concentration. These Cd(DH)a‘ nucle;'

- ., N

-~-‘. . »'\.

'
f"‘-'

and coalesce to form a continuous CdS f;lm._-

”5 QEEQELL!E_ Qi CdS eng Eﬁ§”§n Thln ELLme

.- e, .'._ ¥ -
s g o
PR .

@H‘f% hvarietv‘ of technlques_‘are available _for  the

-

t-

-

i'a_,prEparation of thin &1lms. The'sexéct;on of a. depbsitxen

t;: methad‘ig ah impqrtant task and is dependent on the various

e e r
., . 0.,..‘--

:T *factors lxke materxal to be depoe;ted. nature 'of the

""'-\ ~..

.
. :"-.

) ‘.
&y

sdbetrates, required 4ilm thickness. structure. and quality

W acts aB é hucleatxon centres far CdS to’ grow “ion by don”.

oi the ¥ilms and ‘application of the Fxlms etc.: Among the -

ot ..r
e

;@;‘,Mbgg widelv used methods for the depositon oF cds f;lms such

.;%i‘ZSQW; vacuum evapdratxon,i sintering, sputtering. 'sprary

LY

pvrolyexs." chemxcal deposition Drocess.: the later is

relatively less eupensxve. sxmple, and prov;des -a convenxent.”.
-r*h'"ﬁeQ in‘. which a variety of substretes- like ' metals' )

. semiconductors, and 1éeulators can be used‘589‘9w~§38. Fxlm:'-

{'L- deposit;on by this method .is a .slow process which allows For”-

e, '1' . . a
- e . .
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”:better_ stoichiometry and crystallinity compared to other
me thods. Impurity doping can easily be dbne by the addition
of a proper volume of the required concentration of the -

" desired ‘dopant dxre:tly into the solut;on cpntaxner.
3.5.1. Preparation of the substrates :
The substrates used in the‘varinusﬂstages of this wori

L}

were amorphous glasses (microslides) and good quality
_,usiainléss' Bteel. Especially, stainless steel substrates
: weré used while studying phntcelectrochemx:al properties..

*:

Film properties were studied on amorphous glass substrates.,
"‘-'-al') I"r‘e;mraum\ ‘o he glass substrates 1-
,The amorphous qlass substrates of "approximately 100%
transmtssion were procurred from Blue’ Star. Bombay (s;ze
fiéiﬁx: 25 X Imm. ). These are cut fineiy by means o# a
dzamond poxnt 1nt5 the substrates of .the sxze 72 mm »x 9mm
'.g'ixl”i mm and were utilised for the deposxtion and further
"siudies.
'b):Preparatxon of ‘stainless steel substrate;-
} A stalnless steel sheat of a suxtable guage (24) was cué
;into ghe strips of the size 75 x 9 x 1mm and were used as
a  substrate. The substrates were poli;hap to a mifrd;
érsae.“bv-using an emery cloth and a polishing paper }0—

pdber).
) ‘3.552;I5ub5trate cleaning :

The key préecaution taken before the depbsition of CdS
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and CdS:Sb ¥xlms is. the carefui cleaning of .fbe

substrates procurred as above. As the stickness of the-

£ilm layer has a direct bearing on cleanliness of 'ihe

'substrdte‘. following was the pro'cedhﬁe adopted while

cleaning the substrates. The * glass substrates were

bo;led in chrom;c ac;d for about 2@, m;nutes and washed::

I

.'thh double distxlled water.' They were further dipped in-

.’:a medium_ concentrated teepol detergEﬁt‘.solution and

‘.‘“'

:{:washed"everal times with double dxst;lled water and then

w;th ultrason:c cleaner. All the substrates were kept

...-:

"“immersed NRn:'doub;e distilled water before” use, I, e

';éin}ler Fashion, :steinless steel sfrins"were firsf .

“-

:degreased by washlng with m11d teepol solutxon and then

o~

pol;shed ,(mirror smooth) on a sylvate emery cloth,
Furcher procedure was sxmilar to glass substrates except
) ~thefuse-of chromic acid.

fﬁses;hf?reparat$on of the solutions :

T{éblf the solut;on, used for the preparatxon of CdS and

CdS Sb fllms, were prepared in.a fresh double dxstllled.

::uater;z Following were the chemxcals used: i) A.R. grade
1.3cadmium sulphate supplied by Reanol, Budapest (Hungery).

.11) ‘A, R. grade thiourea supplied by Chemo Fine Chemxcals;
"“Bombay (India). 111) A.R. grade antimony tr;chlor;de {,
.“iFluka Made' (Hungery), iv) L;R. grade ammonia supplied by

. Blﬂfﬂ..Glaxo‘Labdratories (India).



3.5.4, Deposition of CdS and CdS5:15b thin films @

"2?,45.._'The;substrates used were non conductzng glass_-

A

Thin layers of Cd5 and CdS:iSb were prepared in an

alkaline-meddum,by a modified chemical deposition process-.

m;croslides and stainless steel strxps ‘6f the size”

mentaoned eariier . The detailed procedure is as follows~

LY

: l a 20 mlﬂ IM CdSD4 solution was taken in a-25@ ml beaker ::

L
.5
.

cd

addeddﬂdrop bu.droo with continuous st;rr;ng until -it-

'-1' rEdLssolved the whxte precxoitate of cadmlum hydroxidep

-~

The pH of the reactzon mixture .was adJusted to 8 - _9;'

'-;I temperature of the reaction m;xture was then raxsed

'.'1 V.
,

A\

: to whxth an appropr;ate 14 N aqueous ammonia so!ut;on wasl'

to 85' C. by’ m&ans of an oil trough whose temperature was .

.
-,

controlled to 95' C. The substrates mounted 'on a

y", -“.‘

spec;alry desiqned substrate holder were- kept rotating"

LN

depositon was 45 min. - The films were detached from -the_

3

w;th a constant speed of 75 rpm in the reactxon ‘vessel

conta;ning complex compound. l M thiourea solution was

added ai the rate of @ 7 ml/mxnute with a 'special _out
1‘ d.‘

{;, sepaﬁate arrangement as discussed earlxer. The per;od of

“Zi svstem and wnshed wlth double distilled water and 2% hot

ammonxum nitrate. To obta1n CdSsz .samples hn'

vessél. . The films were dried and preserved in a ' dark

desiccator.'

'f; aoprooriate SbClg solution was added .- in the react;on'”



