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because- of their poss;ble téchnological usage 1n a. vqnietv;

CHAPTER VI

- SUMMARY AND CONCLUSIONS -

Thin “#ilhs are now assuming increasingly interest

of applications. A thxn film structure can be sxngle or' .

..u

the substrates o# dif#erent shapes and sizes: Even thaugh a.

variety o% thin 4£1m pronerties are requlred 4ur varlous

technalogxcal applications. the1r applxcabilitv is IimifedZ

\\-'

due tb their cbmplex structure. .As '3 result.' soph;sticated'

charactef&sation tedhnxques emerqed out for understand;ng o#f

.....

\ . '.. "‘ _.‘a

characterisatxon technxques are available depending on the

= .-,.

prbperty and 1nterest for givzng some txmes slmxlar and more_

<

a often 1 additaonal and . comnlementary ' 1n¥ormatxons..

Euper;mentallv it has been observed that the propertxes o{

the thinﬁ #ilms have aidirect bearing on =the; method of

formation and t-‘ié quite obvious - that 'neithbr'.o* the

F A . - "y

aVaxlable tethnfques nor the deposition processes can yiéidl

a~ out pu."t product {thin film) which can suffice g.u the,

problems¢ , The II—VI and 1IT-V ccmoound éemicondhctore'uor

W

.

hybrides therepf are rigorously studled with an ipteﬂsiqn

. that thby have proved their potential abilitv in "manvfold.

n-applicatlons.

- bptical.*'cbemicaia _electrochemical, and ‘electro-optical’

The 'Cd~éhdlcogeniyes exhibits excellent electrical,.

“

' properties which make them one of the promissing’ candidates’

the multiferibus uruperties of the thin 411ms. A number di'ﬁ

56

ﬁulticomponent.‘ mlxed/alloved or multllavered coatingé dﬁv.f
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in- the Flelds o# Dhotovoltalc and electrochemzcal energv

-:onversidn. Thus the choice lies bath for the qual:ty of:

'the material and the nrocess by which xt can be prepared.

an hava chosen cadmium sulphzde as an act;ve mater;al ow;ng_,

.}se]ectan# the‘ cadmxum sulphxde as 4 semlconductor actlve'

'fin edrlier chapter. The second 1mportant advantage L :{

ito its auztability in photovoltaxc :onverters a5 dxscussed“

"fmaterxaL liEs in tha fact that. the technxque by which 1t -is

! <

.5-'f-urepared is simple, easier, and less complex.. - In section

3 3 some of the 1nherent advantages of a depositlon urocessf

':bver " the other' conventional - preparative methods a}g

“:outlaned. ,In urder té ‘come out of the energy cr;ses.,solid-

-

>,

liauid junctions are todays alternatxve tn the 'sol;d—solid'
3unctiaﬂt«._;' hé anlidvliqutd Junftiana‘ havs ' rnrtain

¥avourane advantages over their solxd—sol;d counter part aa

‘e,

siated in .Chapter . The'. basics . fqr a . good-—

f o

. ’photoele;tfbchemitai cell is also given. . Chapter .11 B

s - »
- * S

descrxbes thd varxoua basic charge trans%er ‘processes at. the

e electroda electrolvte 1nter¥ace both in-,dark and under S

:ﬂinvplve studies -on electrical, optical, and structural .

lighted cond;tions. The details of the basic irequirements, .

RSN
. T

't essentxal designs, and fabrication of ‘a chemxcal depbsition

Zprocess is discussed in Chapter III. The qrowth mechanismis'

.' ok

Z'and deonsxt;on of Cds and CdS:Sb thin films is aiso glven.
”Chapter ;IV_ deals with the measurements .on - various
Ecompdsatibns of Cd8 thin Films and the necessary -

'f$abrication§_ 1nvo1ved therein. 'The measurements basically’

”nrqbektiési ' Sohg of the interesting results -..on, -



'"fsélé:ted){ei“these parameters are: '

, . 188
Dhotoelectro&hemical cells formed with this material - are-.

emba&ied in Chapter V.

The thin film depositxon process develoned in ‘our "Th1n

_'Film and Solar Cell Research Laboratory" for the denos;t;on
of chalcqgen1d95 of cadmium , lead, .b1smuth. antimony, -.
*érseﬁicq silver.etc. and some alloyed dumpusitions thereof

: -thh 5u1tab1e impurity concentration '15 -found - to :be'

convenient. s;mple, easier, and reproducible one in which"

‘j-qond uuality. unifcrm, large area,-and adherent deposits .on.

_C;variods Bubstrate materxals can be obtairfed. It 'has. been

'}mentxnned earlier that the thln film dEDDEltE of pure and

fu,doped* cadmiUm sulphxde were Qrown on bth the 'amarphbus

- ,.,‘.

-;ground qlasses and stainless steel substrates. The .basic
.ingradients used were tadmxum sulphate. thiourea and

) %:antimbnv trichiorxde. The preparative parameters and

-

v various dEDDSitlbn ‘conditions are opt;mised in the initial

,mphases::of the .work. The optimum values (cumparatlvely

3

Py

A - . : O
IR L Temperature of the deposition - 85 % 2 . C

’i1)  ‘Speeg’ of the substrate rotation - 72 r.p.m.

e

51;1)d¥ime:46+ftﬁe eeposition - 45 min.
i i) BAsS ioh ratio - 111

-; 'v)‘;'b“'O¥ the reactiun mixture ~ 8.9

2 vi) ‘Antimuny (111) was used as a dopant material aEq its
k thimum - concentration is searched out bcthvip respect of .

" $ilm and optimum cell'brcp@rties.
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substrate holder; reaction mixture: holder. Vdesign . anH:
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The wd}k ‘that haa -been carripd out {s- sblittéd into ’

‘varfous phases as under 1

{) The Design and Fabrication ﬁsgggﬁs :

Forf the . deposition of contaminent free’ cédmiuﬁ"

sulphxde. ‘a protectxve means called as dustprooi chamber was
desiqned and 4abr1cated in our laboratcry- and ‘the whole
working‘assemblv was put into the chamber. Dther essentlals

relatéd to the wnrk (bush;ng arrangement fbr ) motnt.

Sl -'
.

e,
-

Jabricatzun o€ electrical conductivity and thermoelectr1c

N

power measurxng units, desxgn and fabr;catxon of PEC cell

'?lﬁpd related aqrangements ‘etc.) ' were . pfocuféed " and

¢

fabricated.-, A solar cell testing chamber of approximately

game dlmungiong as that uf the dust proof rhambar‘ was

. I‘

des:gned aﬁd alf "the phdtoeliectrochemical. studies. have been

. carrxed but under contaminent free conditions.

rfx,fﬁggégi;iég-gi Cadniun’ Sulphide Thin éilms-f

Th;n iilms of cadmium sulphxde have. been deposxted onto

the glass substrates by-allowxng thioures to reqct_ with f

_-.reactxons invalved are

el Fcrmation of the complen compound as,

cdso4 +1NHz —> [ Cd (NHy] S0y

' ammon;um complex- of cadmium sulphate. The .series of .

. 1i) Diffusion of the complex ion, OH and thiourea ' to the -

catalytic surface 'of CdS.
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iii) Cata}ytiC'CdS dissociates thiourea as,

(NHg) —C=8+ OH™—> CHyNy+H,D+ SH
iv) Formatidn of bivalent sulphide ion,

SH= OH  —> H,0 + s""‘

v) Formation of CdS,

CGICNHQ)Q_-}- =3 -—-> Cds -+ o‘{NH3T

.- The oH of the solutxon was ma;ntaxned -around 8.5. The:

-t

temoerature o# the reaction mixture was controlled to 85 & 2

*

L

. of the_ mater1a1 or by the adsorption of _the colloidal

'partifleé'fron'the splution on the substrates :h3.44:.

III) ﬁbi Q_ sbh gigo Concentration on  Thin . Film ~
; Progert;es; . ’ )

-

1) Electrical transport properties :

~

As stated garlier the films prepared by this method are

160

T C, The #ilm growth takes place by 1on~bv-xon condensation -

relatively - re51st1ve! than the otner_ sophisticated -

,Qreparation.:technlqueez This initial high resistivity can,

be reduceﬂ considerably by doping these: ‘thin films with

trivalent imouritQ. ‘Some report% are eéailable in the

}iterature in. this respect. On- the - similar 1lines and

.
I

Followxng closely the similar aoproxlmatzoné we have tried

Ftt o,

here . the dopant materaal as a trivalent antimonv (Sb

' The doping concentretﬁon was changed from a;mws wtz to 1 Qtz

and’ the films were deposited onto amorphous glass

substrates. The Scanning Electron Microscopy (SEM) and X-

Raf ‘Ditfraction anilysis showed that the films are.

Dq19érystallfne and crystallinity is improved after .07S5

ta
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wt’% antimony doping. Since these films were supposed to be
utilised as the photoelectrode in PEC cells, it was worth to

study the structural. electrical transport, .and optical

pfouektlés of Sbedoped and undoped CdS samples. The

transport - pFoperties of Sbedoped and undoped samples weré‘

studied’ in the temperature range 300K to 6&O@K usimng

) eléét%idé} conductivity (6) and thermoelectric power (P)
_technidues. . The conductivity (&) and TEP (P) were found
_‘higher' FOr Q. l75 wt’% CdS:S5b samples. The carrier density

. ,was calcuiated both for pure and doped samples. The order

19 -3

of carrier density is 10 cm however, it is conside?ably

*

'-higher 4or o. /@75 wt% CdS:Sb films than others. Still higher

SN

"'}eqistivitv ‘tan 'be due to the lower mobxllty of the charge

‘e,

'a:arriers.n

.....

E zo;qugigéuﬁpwépeFties s
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p

The obtrdal absorption measurments were carried out in

'the wavelbngth range from 400 nm to QQD nm. The result

shows" hxgher absorption coefficient (10 cm) for 8.075 wt%

_CdSsz thdn film samples and the bandgap estxmat;on showed

decrease 1n bandgap wzth Sb—doping: levgl. Typically it

idecrnases .from 2.47 eV to 1.7 eV, ﬁurtﬁer. the Sb-dop;ng

(‘, ‘

has shifteb the cutof¥ towards the lqwer energy side. This

"has’ helped'in using the -relatively qu;mum span. of the salar

spectrum.; Thus the 0.075 wt’%Z Cd5:5b samples found more

-{avohrab;e for using in PEC cells.

161
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Iv) 'Rolg pf Sb-doping cangentrgéion on PEC properties 3
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The photoelectrochemical cells (PEC) were fabricated

with as-deposited and antimony doped CdS phtqelectrudes. A

‘_mixture of equimolar NaOH—Na2§—5 was used as aﬁ electrolyte

and CoS treated graphite rod as a counter electrode. The ‘

cell properties in dark and under 12@° mw.caz' illumination

:intensxtv viere recorded.

1) I—V and C-V propert:es in dark :

fhésa are- studied in view to understand the basic

-
.~

.cﬁarqe transfer procasses across the electrode/electrolyte

'ﬁlinterface. Con51der3nq S/E interface as the analogue of M/E

.-:inter$ace. Butler~Volmer relatxon 168! “‘can be used to

descr;he. the. curfent transport mechanism across the §/E

1nterface. All - junctions were found of -the <*rectifying

"nature and are analogous to the schottky barrier junction.

-
e

1t seems that the dark I-V characteristics are .oftep

: _1nfru0ﬁced by recombination and sories rwGIstance effocts

‘.'The Junctiun qualxty factor in dark (Wd ) was calculated and

145,93, 95r. "The qd is smaller for cell formed with B 075"

5} and trap.centres in the space charge.regxon :45,1, Tﬁe flat
'bapd‘:purenéial was determined from the - capacitance-voltage
ﬁeasuréﬁént studiés’ and is found. hiqhest: tar the cell
'é{ohsisﬁi'ni;’ of CdS:Sb photoelectrade with @.275 Wt Cds:Sb
'ievel. A siiéht deviation from the straight line behaviour
" has been observed for all the cells which is indicative of

‘presence of sasurface states, non—-uniform doping etc.

111,455,724,

th CdS Sb Dhutaelectrode indicating tha fewer recombinat;cn-

¢
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. :3), Optical properties :
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2) Photovoltaic properties 1

The power output curves were.obtained for different
cell confiqu?ations under (00 mw-cag“ Intensity and the
. various cell parametmrg ,uch as series and shunt regiskances.

g(RS and Ry h ). fill factor (+f¢f), efficienév' ). sho?t

..

f

circuit current (Isc) . and epen'circuituébftade (Ve ? ~were

3

exa@eqeﬂ..} Bbth gscand Voc showed cbnsiderable: improvement

: usl%or:-{ ceil ‘:nnf;guration with 2.875 . ‘wt% Cds:5b
: G ‘,.;e . L . !
v phutoe?eite?de 45.. The calculation. of-Rs- sl) q_and ¥f

also pointed out -such 1mnrovement w;th the same cell.
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'the'MEaghremeﬁt of photoresponse, spectral response,and’

speed ni~reepmnse were carried out. The libhted-:idealjtv

- e w..

", 4actor ("L ) nas cal&ulated from varxation of ln'Isé'Vs Voe »

s ..-‘ e

. measured undér different illum;natxon inteﬁsitks. AL _;5

-\'ll

: g.found hﬁqhest of. all for the above cell _indicating direct,

i relatxonship between nLend &'c s 1.
VOC..- "2- .Erf:n lsc ERENTRY

v e
. [ » 14 .
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‘ifeupported by ODthﬂl absorpt;on studies, "The decrease in” Igé

-ffon- shorter wavelength side is-attributed to ‘the absorptidn"

The : spectral fesponse- study abserved 'fp? different '

. ¥

wavelength elearly 1nd1cated the higher magnitude of Isc ahd

some peak shx#t;ng towards longer wavelength side. This is

-
- .-

:Zﬂo% I;qht in the-electarolyte and the suriace recombinatich

' ‘phenomena, It revealed from spectral’ response. study ~ that ’
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:rélatively'less recombination centres and dg#ecf levels are

associated with ©.075 wt¥% CdS:Sb photoelectrode, reflecting
it.'! grteater' Voc s lesser Io and larger 'Vﬂ,and rL « The optimum

values of the various cell parameters for a typical @.075

'hhﬁ.Cngéh_phptpelettrode are

£) voc zzm "o Vi) n = 0.046%

2.

ALY ‘sc” . gr mA/cm Vii) ng = 2.17

111) “s *' 192- -fL L viiid n = 2.97

iv) R h - 1 714 Kﬁ- ix) Oﬂ,; - .74V

4; " x) jg = 8.41 &V,

. _l‘.-'-.'. - -'
R

#hué: 1n conclusiuﬁ the oerformance has been found improved

-,. - 1_ -

a@ter aﬁtimany 1III) dbping and is nptlmum at 8.075 wt%

-h>

CdS:Sb d0p1ng level 1n Cds.

\ .l
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It ts clear from the above studxes that ‘the e#f;c;ency'

r,

i-éo far obta;ned 15 well below the expectat;on.: The major

.{ reasons are: 1) thickness of the sample. ii» absence of the

.'. . .. .

thorbugn pnst preparative treatements. 113) absorptlun o#l

;1qht by thé elettrulvte. and 1v) re#lect;on from the glass

'i

and the- phctoelectrode ' urface etc. Attempts. are -in-'

. ‘o"

progress to avercome these dif‘:cult;es.
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