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ELECTRICAL, OPTICAL, AND STRUCTURAL PROPERTIES OF

CdS AND CdS:Sb THIN FILMS

4,1 INTRODUCTION, 95
4.2 EXPERIMENTAL DETAILS ' 95
4.2.1  Measurement of thickness. 97
4.é.E : Electrical proserties. ' e 97
a) Design and fabrication of conductivity
measuring unit and measurement of conductivity.
b) Design and fabrication of thermoelectric
power (TEP) unit and measurement of TEP.
4.2.3 Oatical properties. ) 102
. 4.2.4 Structural properties.- 102
a) Scanning Electron Microscope (SEM) studies.
b).XRD studies:
4.3 Results and Discussion. ' 103

4.3.1 Finalisation of deposition-conditionsr 103
a) Deposition temperature.
b) Deposition time. \
'c) Geometry of substrate holder.
d) Speed of substrate rotation.

e) Concentrations of basic ingradients.

. f) Cd:S ion ratio.
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Effect of éb - doping on film properties. Y108

a) Electrical properties.

i)Conductivity.

ii) Thermoelectric power.

'"b) Optical properties.

Structural properties. ‘115
a) XRD Studies. '

b) SEM Studies.
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4.1 Introduction

-

" The essentials of phptpélectrqchepical cells comprising : -~

thrée‘cpmponehts (viz, 'a phptoeléctrode.'gn electrolyte, and

,a .éoﬁntpr* eleétrnder are summarised’ in “Chﬁptér.-l.' The - *

. basi:s involved 'in thin 411m deposition’ processes. nature of Dt

the semiconductor/electrolyte : 1nter¥ace. .vana' -charge:
iranbborﬁ reactlons in dark and in lxghted cond;txons have

béen'jbrie#ly outllned in Chapter II. The know—how of a.

. Y s e .

.'chehiqél .dqppsit§on process, the experimental: depusiifan

. condifiéns;z prebarative parameters, and the actual details

. A
Ve . o,
vs

T 'nrpcédure‘ for the preparation of CdS and CdS:Sb thin

5.411ms have heen discussed in Chapter-II11.  The - growth

“As, 'pur:main intention is to obtaln'én acceptable out-
put podér¢{?om.axphptoelectrochemical cell, phgracterizatiqn

of the semlconductor material in thin film form is

'essentzal. . pr it has been well-gnpwp that'thg proper?ies

Zo&__a: semjrmndurtor/electrplvte _interface are - sensitive-

':-‘$dnction of the properties of a photoelectrode material '67'

. -”the effectxve performance of a phptoelétrpchemxcal cell

“.315 ¥ound to rely pn the photoelectrode propertles. Thus the
.”prehxstorv pi a phptoelectrode matﬂrlal is a need to kndw.

- Any change in the properties of nhotoelectrude material

alters both the electrical and the optical broperties of a.

) photoelectrochemlcal cell.Especially the charge transfer

rate ‘dcross the interface, generation of the short * circuit .’
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.o R P S . . ‘ . - . ]
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-h{;i o ;“?bﬁdféeiedfroéﬁemical- cell. are’ closery'ireiaée&-ﬂtu --th“f:

. :',EMBtﬂfiﬂl ‘59M1conﬂuctdrl properiies. an ele:trdlyte, and the}

R P ﬂature pf . the Junctien between them. Thus ‘the .detazred._

f{iiﬁib analysxs of a photoelectrode material is highlv advisable."'

L

This chapter is an attempt to study the electr;eal, optxcal,-

and structural properties of. the CdS and CdS:Sb thin fxlms..'

'f;f'\ The ne:easarv deaign and fabricatxon of the characterlzatzon:
- 2 1 i_'-. .' tools- have al§u been mentianed.-, Slnce cadmuum 5ulphide

i lems EFE prenared by a :hemical--depositidn' process -the-
i, preparative ~parameters and depositxon *condxtions fikeu~'

W,w s

_&-;{;' 1,denosktion temperature. speed of the. substrate rotatinn.;~

"ﬁf;ﬁ -molar concentratian o# the reactants., dEDDSlthn 'time.

,'-. R

' substrate holder geometrv etc a!iect the qrowth mechanxsm

re#lectinq_,into the quality and physxcal appearance of ‘the

n.-c“J-_.
-v ~ -'.0-

"The abuve preliminarv canditiohs are stabilised in

O ,_;samplee.

. .
LR -1. . '
LI R W u” \

.??ff.:} the #1?;t“¥ew‘stages of the work and are- l;sted in- br;e# in
- ”':"--' . . e, . e

.ﬁf.}f'f' ”'. secéion 4 3. 1.

".::: 'j:mifﬁ al Geeei;lly i;lms depdsited dsing' éhia,fiecﬁﬂique _a;e
;-Alg';i’;}\'whighly .resietzve._ The .initia} high ;eeie;ivity zca .:be
ij ?é‘-f:; . lowered%‘censlderably by mainta;ning proper ratzo of dd*f

il?ahg.{ﬁét_and 53‘ ’94-96..= The Cd:5 ratio selected in thxs work-‘is-

s W}f"a:z' ,!:1 '95-97.. Tﬁe resistivitv can ‘be 6urther decreased byx

depinq w;th tr;va]ent Impurity as suggested bv many dorkeg;z

Lo T .43 97—«mm. ’

i:i\i' f?h”ﬁtf.' Sedtxen 4.3, 2 and  4.3.3 reveals' resdectivelv “the -
AP Y ".‘f:e$;e:ts Gf antiMdﬁy doplﬂg on Varlous propertles D‘ the CdS
LRI ¥les. .

[



" 8,3 ggég?imgngaj'ggtai;s ' R

‘ }{15;;3"'.'- Cadmium sulphide ‘thin films were prepared . by our

; + modi#ied chémicél-déuésition procesg'on£6$ aﬁorphous glass .
TN substr&tes by kaeping -Cd18 ion- ratxo as 1. 1 ‘b -Eef the - -
' procedure outlined in section 3 5. The dopxng cogcentratlon
:‘.)‘ :. of tr;valent ant;mony was changed from ! Obé ;t Z to 1 Wt :i,
T e flrms 'wers sreserved in an air tlght.“dark desicator.‘
The variéuhweuparimental measurpmmnts carrknd.ouk with theset;
':leééé‘ #11ms are as bEIOWu T
Qfxff {.?4;2.1:M;;;déémeéﬁ;6é'thi&knes;.
N ;:? The th;ckness of all tﬁe samples w;s ﬁeasu;ed by.
“: -i; folloﬂ;ng weight d;fference dens;tv cons;derat;ans. Thé.'
‘4fq%?i%4;:? ﬁethod :i;;bECe; AEasurement o¥ mass. a;e;; and Uensxty 53;”

.-, ..-..‘.‘ *

e N e

st .‘-_. -l

At '11;_-anea ~afid magg as- _

- ) . . ,"‘. . _\'m ’ ~-..' .. - . .
o "':_'. ’ < '-..t -'=-_'-. ._..'-'-"-'TT-, " -.. N b - . ) -----------‘4-1)
oy .";. --k'-." ‘-‘.n i :' . ' ’
”.. Ta. ' o ")-\'- ,",I' . .‘-'::-._‘ " Cla :‘ S 2
’ Where, m Neight 1n grams of _the film.”
,} :*iuiirlﬁjéﬂfii A & area i Cm‘ of the film, R
B2 :ﬁﬁ:fﬁi}jﬂﬁpﬁzdensity-of the material (4.8 gm/cm® for CdS)
;'Eﬁg _'ilg:Eiéhﬁhﬁcdf'ﬁkdderﬁiea. L

' ’hnfii - the‘matefxal. The dens;ty of the material is related to 1ts-

97

fapw SR el a) Dés;qn bhd fabrication of conductxvxtv ‘measuring.. -

11 unzf aﬁd measurment o¥ conductzv;tv-i

S AT n Y “The dark. conduct;vitv'cﬁ_ the samples was

;}_ - -shown in fig.4.1 designed in our laboratory :ﬂsﬁf
e : ' . ’
.'i:‘ ':- ' ' . ¥ .

. ::-. ::F-.,,.
& ~~;. .

e e ST ' measured ‘by using a conductivity measuring unit as ...
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R _ . 99
: :'}‘.: _}ff It ooneists of two brass plates of the size lﬂ X 5 x
"f}’ .'Pf:ﬁt:' Ggh ‘cm. One of the plate io fixed t;ghtly ‘on &
:: }—*i:; ; asbestos base of the dimensxon 10 x. 10 inches. 'Tdo
5' ' ..j-strip heatera (65 WQtt) were kept in parallel on thegi.:
PR 'f? - +1rst brass plate and other plate nas fixeﬂ -t&ghtly:
A N ::wi:l. to ﬂthg..}ower .olate. i.e. 5tr1o -oeaters . were{-\
Ei“‘ " “:t 'fedhowiéhed iﬁ between the Atwo braes plates- toﬁt':'
’ L r"i;i achxeve the unxiorm temperature. Q mxca sheet we;_
L b ;s_i}:;“f” 'ueed to wrap the heaters before being nut in betueen
.'ﬁ:-?{iﬁé:l'i tﬁe brasg I;lateg so as to achxeve- ‘the electr;calT
- ;:..f": ineu}ation ¥or extmer of the brass olates. A sample
.jiGHT; 'J'uoi; hoider woin.the dimension 3 % l. ;" BD.6 lcm;.'wes
:t h ; o - .deexgned and Fbed permanently exactly at tme centre.'
:.;.Ej; :;‘};f. oF-the upper olate A. Bamplé whoae conﬂuttivity wHSG
-é"'ﬁ.‘ i %..'wto goe measured ‘was mounted with: s“ copper 'press
:?~ .??”;Uﬁng:; ooptects« ﬁeiou the samole holder._-The sample was -
i'fcffki r:'EE;gtr1celly znsulated Grom upper brass plates 'ééd:
i n | Jﬁhfﬁlthe eamole holder by interposing the mloa piecee 'at‘:
%é‘: - ﬁiz g lfééé’ proper olaces. Thermal.’ radiatioﬁ ,losses were.
ay r{i;ﬁ.ﬁ?_.;egbéed by covering toe whole set‘up.to ‘a 'Baée;ﬁte
:ﬁ ’;i} ?:ﬁ:i";.; box;_%.The box: was coated- from . ?gside by " . the
_ f. ' 'f'f?'f_ ' asbestoss sheets. The 'working‘ftemoerature mae,
i; g; e kY :-' recOrded with _a Chromel Alumel :thermdcodole (24J X
. ; _ xL?E‘- guageﬁ ixtted at the centre on the top o¥ the uppe;
ETTIPA) et .
:;f”..--xirén: ; : glate. The Aplab TPSU (Transistorised Power .Suoolx
}_;5_: -T,?Z:;f.f quti was: used to pass the current -through‘:tﬁe‘
f%i%:' i ?5$~':: eeééﬁq.- The potential drop acrose the. samole ,oae—“'
i~£;?% ';é:;mf'“f' meéeurEd with the help of digital multimeter .(ole—'
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" jvﬁeéistédcé;.have beén discussed by . Bauerie et.al.

1
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DM-14B) and current through the sample was noted ..’
-with 'a sensitive HIL - 2665, 41/2 digit-nancammeter..

YR Desan and fabrication of thermoelectrxc nower (TEP)'_

.unit: and . measufement of TEP v

The npcessafy condxtions and requxrements 4cr:::

,;hefmnelectric power measurement 5uch as max{mum-f

. . ’ L.
"4

.| temperature .dxfference and - bmnimum -: contact .-

‘*101». . The necessary care was taken ‘o fulfil ‘the.

) ébove { uréquiredents while  fabricating the

thermoelectrx: power unit. - Fig. 4.2 shows ' a

schemat;c bf the TEP measurement unit. It consists’

ofﬂ‘twb eopper plptes o§ the dimens;on 5 x 4 _x Iui

-.-‘
s s V-

; cm N fitfed on a asbestos sheet supported by. a

-.r,-

bakerite _ sheet " The piétes 'wére"arrahged < in

parallel 5eparated by a distance of 8.5 cm.'_ The

'l- -

plates were pxtched to a size o?”-thb.'miniheatéﬁs;

'- ‘) H

) 4rom the bottom and the miniheaték& o#-the.di*#erent

wattage (65 w and 35 W) were ‘fiNed in._thema” Cdre

'.;l hkas taken of the elctrlcal Lnsulation ‘be'tween - -the .

'f"' *min;heaters and the copper plates by means oi a mlca_.

.,~

3,- sheet. -A-pa;f of sample-halder-was fabricated .iq

‘C

: conductxvxty measurement and fixed . on. the ‘top
,gﬁadjuscént -nearer edges of the: - cquer-' block

”lengthwxse. The sample size used in tﬁis study ;waé

:2.5 x @.5 cm. on amorphous glass substrate and the

_dimensxons of the substrate holder were 3 x .0.5 o

;oqr laboratory in a similar’ fashxon as that of .the
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; “ . e . - . . . . . . ] = s
1. COpper blocks. e oL ) Coln

. 2+ Sample. - ‘ R ’ p

* 3¢ -Thermocouple (Mean temperature rrcorder) . -. -

4. Differential thermocouple | o h

. (Thermovoltage: recorder) e - .

Heaters. , N :
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PR ¥R cms. The sample was electrically insulsted ¥rom -
:_copper bld&ks_and the substrate holder by means :nf_:

Pt mica"oieces. " The press copper contacts. were used

;‘j . ?qr tha measurement.. Chromel-Alumel -therﬁocouqléq. R

. v 28 Quaqe) were fixed onthe ‘tgp .o#' the . copper’

“ biocks far the temneratura measurement._uThe proper
ahieldxng -of a unit was made.- by a bakelite box tdi-
mxnim}ze fhe Iosses due 'to= thermaJ *rad:atzons.

e k'iﬁ ' _thErmbv;Ita;e QQQ measured by a 4!/2 dlglt. HIL-2665.
*ii?ﬁ?;“.;:-,miqro-voltmeter. - The temoerature, L gradlent ’
. ‘:iisxégsuremaﬁt was done wlth 3‘/2 d;g;t. Agronlc -113 -
ﬂﬂz_.:z-:DC micr;voltmeter. . - -7 :
.:gi?f%?bqéﬁ?gziééébérfﬁéé::, " . ’gj"

- 'TiﬁﬁifEZQ':.& R "{'5 .;

Co Tb‘:ynaw the type ﬁ# transitioﬁ and to estimate _Ihé_ -
uooticaljghéé;he;c;hand *orbldden enerqy gap af the mater;al..n " :
.:th;gféééiéai absonntion measurements have: been carrled "out., ° a %

Both dénéd and undoped samples. oﬁ‘ cadmxum: sulphxde 'were ;

------

scanned ﬁnr Ehe ontical absorntxon studies Ly whxch optical

-
Is' [

dansxtv has measured 8% a funct;on ‘of 'Wavelenqth. Thé

:
" |.

photdspectrometer.' Hitachi Janaﬁ. was - utxlxsed p' ﬁerqﬁé

S

.

’thxs measufements.. Scanning rate was 10@ nm per minute ant .

L

the rangé of wavelength was 400 nm_to 9@@ nm. PO _n::.-h 5

e N .. ; P S . * . ., ° : " Lt e, .
'”412:4’Structﬁql 9rapertie§ 3 o
Be iy, o . -

: a) SEM Studies :

u.: ‘- R

e *-':‘.: . Scann;ng Electron chroscnpv {SEM) studies oi

the samples were obtained +rom, HSIL. Naqput For the- :

s
v
. -
.
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- M - .o et
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:,Thin_,-

' iAdVaatsges:

; parameters such as, deposition temperature, dEDDSltlDﬂ time,

3,'1ngrad1ents‘

--.. ‘$ ‘.
.«

i by a sofutfon grnwth technique.

A 2 3

110%,

.
I3

thin . film samples. The respiutioﬁ-_selepted wae’x
11000. .
b) XRD studies 1
N The XRD studxes on thxn f11m samples. " were
examined ' by using Phxlllps Pw 17103 X-ray:

. * -
- s . u-.

fdi#fracﬁpmeter with CuﬁC' radlatiuns.,;

'
f. . . -~

- - . .
. . . . "
o B . .

" ¢3Eg§g_1_g§_aggnfscg gsion g T

-
‘.
. -

Prepanation o¥ thin Film thtpactive mater;als play an

xmportanb-rolehzn devis;ng Dhotuelectrochemical solar cells.
. ll
havé the

'uf:eaée of preparation and" cheapness because

%ilmw phptoective electrodes .
of

103.

overriding’ -

_the verv small quantxty of the active materxals requzred. ‘A.

Y .
3 "‘ &

qual:tv thin #ilm mater;al results,- 1£-number ofapreparatxve.

"l k4
.

R . ‘,,_-

speed uf*substrate rotation, pH,, and cphcehtrat;on of  basic

etc are optimised. Following are the Dossxble

parameters studled In briei while deposatxng the samples.‘

[ .' . M '.
=
P . , e
'- » B ~ ®

4 3 1 F1nalxsatxon of deposxtlon condlt;ons [

s NS . s A . . e N .
: . '. .. " . - & . . .
e, e

'5¥ The thin ¢1lms of cadmium sulphlde have been

i

prepared

The mechanism and process

film formatlon #rom cadmium sulphate and th;purea

3.8, Ammonla forms a complex compound l(cadmium' tet?a

.'\-.' ,'f.-
ammonxum sulnhate) w;th cadmium sulphate.. The dzssoc;ation

:pf thxourea Dccurs in this alkaline medium when temperatune

wlth'q

-'iQQUUr ammonia as a complexing agent is discussed in sectionm

Y

-

.' Ay
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df the 'Feactféﬁ vessel is raised to BS°C tb ¥orm the

'blvalent sulphide ions which then react thh complex Lans ta

The process n# #ormation of: CdS fllms is found tb'_be' a’

.’"Cd tNHa};" & GR= —omee-ly CdS + a NHg 1 —

- : v H N -

form CdS nucleus._

¢ - .
»

. .

strong ?unctxon\ of various preparhtive parameters - and

"depositzon' condxtions..,fheﬂvarfbﬁs‘ narameters 'oyerviewgd

- - - - -
- e . T . ‘. . - . -
e e u""-’ ‘o A T . . ‘O .
- are D oee s s ] L
-, . - . N . » .
’, . . » . o et : -
L . . -, ., T, N . .
.- o ..
. AT J ;
;. LIPS -

RN '-~¢$LEH: - a ' ’
'§“.:?: T :{ ‘l- Tﬁé depus:tion temperature plays an 1mportant role .
. : whi)e- breparxng the CdS samples. 'In a reaction vessel
o - Eheré”is no' solid nhase of Cd (DH) - to speed up ‘the.
_ t’iii 'décsméosxtibn. of th;ourea. A; a resu]t Film formétion
:ﬁi.;'f,F' 15' eup;qted e, take place above_? cgrtain_ témperaturg.
?;-'2 .;l Ther;af"éhergy helps to deéompose tHiuuréa and - also
;fif\?}iﬁ %;;;:;295~'k16et1c energy to the ions resu1t1ng into an
;w'ﬁi;f::'ingééﬁed .number' ‘of - cbllisions anq."hence':the £ilm
ot Tﬁn:ﬁ.¥b;mat1onzvnécurs.;-Tﬁe films neéefﬂepoaitedtat yarioﬁs
fiﬁillﬁ ;émpgratur;s. at .an ;nterval of IQ;C:' 'The physical.
AR :appéé;;nce of the samples such as unxiormity. sticknéss._
:i'thfc_ﬁng‘ss _etc. ‘showed that: the £ilms depns;ted at B85°C: -
,';J ;25, .qfétqéle';piéablq rélative to others.’
’, 'fb) Dquéiﬁion*t;me. -.. : .
: f: : - jAs thiuurea decomposes slowly the depositién _p;
: ?2ﬁ . ‘Céé ¥ilms is ‘a slow ‘process. Furthér. it is repor%éd_
) :? f.ﬁhﬁt.fhe-&enositibn.at 85°C results in uniform and. Beéé
. L . , . . .
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qudbitv' #ilms 195!, and a saturation in film thickness

L is observed after 42 minutes. A deposition time.‘uﬁ

1

‘{f approx;mately 45 minutes was selected to ensure the

»
EPP
H

maximum thickness !99:, . o . i o
(6{ éeometry of ‘the substrate holder.

A substrate holder ~designed in ‘our- laboratorv

'Ysectidh 3”2 4)~ was used to f1x the . position of thé

?‘ rotating

gezd

jsamples. It was found that the substrates at

.ato i

.:,qa-' gachzother gave unxiorm deposxts 1mp1ying that the i:
ﬁil;'qeomebrv o* the substrate holder allows requ;red crystal.
H:E:brientgtxoni "95-.. A‘ substrate holder - in_ which
- subat?btes. bake 'ad:anqle of 9@'1 uitb“:the 'respectdve

¥

i }The sﬁeed o* the rctation of the: substrates 1s-the~

kewaattn? 1n dec;ding the th;ckness of the depos;t. Qﬁ

-
Sak
o

unxfbrm speed of substrate rutatlon was varxed with Tthe

1 . help 'bfweonstant speed ac gear moter from 5@ rep.m. to:
- ';gbié::;m.} It was found that the deposit th;ckness goes
;E;f en‘xdecreaslng as, the speed increases as shsown in f;g.
o ‘5'3' FUV any speed in low speed range (50 tu 65 r.p.m.)

'f'.#ilms "are found:to .be thick, nonspecular:-and spotty’

s

Q“-while in the Medxum range of speeds (70 to 20 r-p-m-J

¥ thick, d;ffused, and adheszve deposxts are obtaxned. at

o {'_hlgher speed of rotatzon f;lms are specularly reflecting

and:adhesive. nttempts were made further to deposxt the
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%: CdS layer‘ ©on -stationary -substrat95' iﬁalcatiﬁg 5£Sé‘
.‘é: powdery, pqrqqs, tﬁick, leés'uniform. aﬁd'qbn—reirectiné‘fﬁ

deposits. LThé effect of -speed would geéhé-to-imply fhé@j{
thé *nma motion prevents adhesion of the :précipitated :

: CdS to the sur4ace of the substrate._.}n ¢bis study an -

xntermedzate:-spegd: of 72 r.p.q. Qas_ %hosénn aéd kept
_:ﬁpééxé;}it-:é!;;‘;\;idﬁbut forthcoming: st!;iaiéé.-" o '
ad?é){Coﬁéeﬂfp?ﬁ;pd”gf"bééic ingradients. ]

K “ et TR _
L li{i: The sabove parameters’ &eré kept cdnstant and
. :f cogc;ntrat;on nf both cadm1um sulphate and th;ourea werE'
o ;an{ed; Fpr low malar;ties (0.1 to 0 5 M), reflecting“'
“-“*. anduvihinner;deposxts were obtazned tm ma.um to .@. 2 - Am
A apphpﬁkmately)... The higher molar' c;néentratxons gave

-ﬁ"% @hick apg nonnreilecting {ilms. " The @olhrit;qs selected

ﬁff,{ﬁére i‘ﬁ each._;, S . . :! - 5 ' ‘

0 ._.,_c;;;.z-_g;;i._g;;ie-f.’_-;-t;o. IR B
:iﬂif;ésig Svstemati: efforts have been ‘taken- to fix, the CdsS
': ii 'i;ﬁiﬂratio by Pawar- .and Deshmukh for. CdS and Uplane and

"Ai P;w;r-e'qbﬁ" :?' mxxed CdS depos;ts. . By' thorouéﬁly-?

f :;'J testlné throuqh succesive stages of ixlm and -PEC cell"
v bropertieg.x they have shown that in aurest form .of CdS
the ionic natio.(Cd 15) approx;mates 1: 1. WE ha;e, whilé N

o prqeess;ng_fon-thE‘work. started with equimolar,;onté6t§'~

L :6;'£§§h cadﬁiuﬁﬁgulphate-and thibureé.

"
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:J;: g h{3.2 Eftect bi Sb-doping an film properties. -

-a) Electrica! propertiesz

RTINS . ' The electr;cal and optical properties o¥ both'. -

.

e EBS and CdSle deposits are studied “at optimised'*
preparative parameters - and conditibns. . Dnl? the

M ¢ onéentration b4 antimony dopant was chanqad from:

, I QBS Wt Z tu 1 Wt%Z. The thickness of the Samples

. : :;was measured and an ihcrease in o tnickness with f
-: y Zr"f‘;kantinuny doping 'concéntratién was observed upto

w, v

L e ;m 075 Wtﬁ.j bevaund which it ' decreases. The

'f ) _i‘_‘ mdéﬁéndence of thxcknesg on antimony .doping level is-

: ::‘~-~ shawn 1n ;19. 4 4';nd can be axplained on_ the basis
:;F . i' . TI role u# the antxmony atom as ;a nucleation
& '{'ﬁjga ?5?.. cén%re 'ﬂ3 97!. ‘When glass, substrates are dippedi.

'}”@-‘___,ub%ﬁ intn=*the .camplex. compound 'of the reactants, a

L e susnensiun c# CCd(OH)a ahieh, acts as - a catalytic

“'&5%"‘if;;fi? ;u:%ine,w forms a. thin’ layer on it. and decumposes‘
x ;;‘ . . tbiaﬂrea"resdlting in CdS f£ilm formation: . bdé to
.3i fa'..-ﬁ;' the dresence of Sb(OH) g in a complew suspension,

_xﬁﬁiﬁ? nnwever. nucleatinn uccurs which contributas to' the ’

-{i}l enhancement in the film ¥ormation proaess upto 0.075

& * .

-q:k - - f‘.' "Ntf . antimony dcping levels- _ For ] higher

HUR . .
I _:cuncentrations the rate of- nucleatian increases
e & e '.'. .
':§#; Lo although 1t may prohibit the entry of Cd’* ions and
:-‘:,:*l‘ :‘. h ;

A e Pe T vas, é result the thickness decreases Ln;.._

'?jﬁf}:f:: i) Conductivity '
Eﬁ@f§¥=g¥;3" g f.- . The' dc electrical conductivity in dark was
'ﬁ.“fm 112- :3}*fn§a§ured:¥bn alf’the samplés as explaihed in ‘the ..
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"~ﬁ‘: was -~ 300 K to 600 K, 1t 'is 1nteresting -to 'notei
. "that: antimony doping concentrallon enhances ‘the |
‘:'-conductivxty which attains ité ma;;mum value “at.
- ;_5 -:ﬂ E75 Ntx . and decreases for higher doping Ievels..:
L ;ﬁin?The ieearithmxc var;atxon of the conduct;vzty
:.} f?*ﬁjwith temperature #or FbE' tYDlCB] film
T - ' .
;-ﬁ:i:f.compositlons “is shown in fig. 4 5. The plots are
.Z*i: IineaF; : The plots. are &urther analysed ~to-:
-L::fﬁgf calculaEE' the agtivatlon- eeeréy_ usieg the
..1. relatie‘ ?43?.! _— -:,
" - ., (. exp (.-;Ea'KT)._.L.....’.'.'.‘_...‘7 (4.1) ‘
%ﬁ;fikgéweere%g-‘faﬁ is the dc%ivatiuﬁ eﬁeédy' and ~ other
":253%5 ‘terms rheve_their usual meaning. The aetivat;bni
;2:-“g2ﬁ eee;qier 'are listed iﬁ_tableiq.ll'_Simfler"tQﬁe
"':?".":.‘5':':'.:.‘-‘?-‘?7 98, 100, 102,103, ."The ., enhancement ‘"ir_l
’ﬁ - .u:.conducﬁfvxty w;th ant;mony doping concentration_
= 'Lz,can be expla;ned on the basis of- {ormatxon of cd+
i}“‘ . ;ons: - -Cd' vacancies:bexng #oreed_ for- charge.
s compengsation . because during the - film .gfowth_
.trxvalent antimony replaces the dxvalent cadmidm
i i}'-'and there is 'possibility of 4ormatiun o# Cd* . 1on5'
o _fn; rather_ than the Cd vacancies as ant:mnny and Cd’
_15?¥ are depeéited simultaneoﬁsly.- Th15 helbs knf:
i _;"' 1ecreasxng the conductxyxty uptn o. 075 wey - Sb~“
’ 'doping .concentration. Tﬁe charge campensatiuh

. sectxon 4,2.2. The range of work;hg

of reSults ‘are’ ava;lable in. the:

temperature

riierature_'

.
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rig. 5 'remperature dependence of an "électiical

i‘"

conductivity for:

© ~pure 'CdS, 0-0.005. 'wt% cas:s::. i

x-0.0l Hﬂ CdS Sb,.-0.0?S wt% CdS:Sb, 0-0.25 wt% CdS:Sb '
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L0 60

240

180

TEMPERRTURE (¢ J———> .

for:

©-Pure CAas, -
0'0.005 'tx CGSSSb'
8-0.25 wt% Cds:Sb

t

0-0.075 wt% @ds:8b

I-‘:I.g.4 6 Var:lat:lon of thermoelectric power with temperature




'_p'rcicéss ceases for higher doping cnnc:entratlio_n

R _.' - '_ N _': - which may be due to the miqrétipn-- of .‘ar{timon'y

s

. e A U - atom ‘at én:-int;arstitiai rather than. the . vacancy
N [ .position of Cd 143,97,1008. -

* -:-~:__: S 11)Thermoelectr1c power (TEP) 1

*
L - B 1
.

LR LT et The thermoelect:r.{c power studies Have bée"h"

R L ’examined in-dark in the temperature range 312)0 K

) ’,".-k' ‘ pola‘ritv of the thermovnl tage at.the-hot end w‘as:‘.
'. - F ) .pd-siti-\ie coﬁfirming that all the samples are ‘ of
“:,- ‘x:_ : n-—tvo;.-- ) Tl-'netrn'puel_ec tric power P ‘,.g'.g of: the order
- L ' .- ’J ; df ;.N/'c {;pr all the "samples"," Hlthough it is
’ ,j ’ :L h:‘,qhnr "‘for @.075 Wt% of .(i;.d’g"’z-Sb . ?'ilm:._ The
be R 'i‘. tmﬂgmtum d@oend@nw N1 the : . u;ar-mo@lsr Lrig
i - "‘ ”‘ power {or ‘Fotur typical Qamples‘g is. shown in -Fig
SR :§§:?i“4fs;:
u “’ R . :'_-:'nThe relativelv superior. magn;tude of TEP -F'or'.
. .':‘l'-“:‘w" . ‘-"‘:" i T ; )
: ’ ‘ . . _:'.,.:-simxlar' " lines that predic-ted for .' Pb.Te
. i _ ".mcorpol;atad thh c1~- fons. It i's ‘obvious - érem
_ ‘ ‘ the ﬁrev:.ou;s section that the’ a:t;vatlon energy
. i S .-15 s.malier «For 9.975 Wty antxmony daped ‘cds than '
‘ " - -_.that of ‘the pure CdS. This :-ascertazns the. .‘

e Tmo o~ T position” of antimony donor levels - between the

"_.conduc'tion band and the-Fermi -energy’ level. Less

. %

RS WD ta' 498 .K as discussed in sec_t.l.on .4.2.2, THe -

.".';:-‘"". S o -. thermal energy will be required. to promete _\;w

L\ ‘

PR
s
. s
D
~ N
s ,
24 7A * "
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e e -

. “ . ~ . \;
C T e]ectrunq to canduction band cont.r.ibun- g“tw
I P R - lncreased TEF‘ with xncreaw% ure. At
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higher doping .levels, decrease 1n TEP is abseryed

due to. thn furmatinn of accmptar levels barause
of=‘migration af 5b-atoms 1n
L LT x.}”~éather”

the
than'a vacancy-positton

-

Al@ﬂ,104i. The: .
i carrier :oncentration (n) and fhéroé]hctfi; power - '
TE T e M e, related as 1 "'k;' o
A I _:~,'::.' ‘p,‘=‘- K [a + x,..{z(zm KT)"’}J ..<4.2> '
. e A L L . - S ] '
A SR IR A IS :
L e ';.-.fr.?:“'s.aa; o R ~ - nh¥ -

: LS T, Where, . A

is thermoelectric factor (2.4=A for:
S ‘f' cus:. P the thermoelectric power in uV,

n the
ot carrzer concéntéatiun, h-planks constant, qg

the
) —n . effe:t1ve mass of an electron and t the absolute - -+
s' ' o ey : f‘?; temﬁérature.. Equatxon (4 2) substltqtzon éf
o L P . .-
‘ i z. x 1,5 -varibus CUnstants simplifies- tos:_' - i
) e :‘.53='H )
(RPN : ;_ ' é

: ‘log n-=3/2 log T - @.085 P + 15.7198

PR :‘The electron

o/ A R (4-3)

density_was':calcdﬂatéd by using

ST equetion (3.3) and is of the brder'64"1mi' em=a

“}?{j: e '1;??} ' ﬁ, 4ar all the. samples. héwéQe;, 1t ds- ,considerably -
}fi. ' ';-Ef . higher 40¢ ‘@075 wt% CdS:iSb samples._ This is in'-{_:”}
'g' : ii_ e;cellﬂnt agreement with the resu1t5 reported by . =
ﬁ;; o T;;f;ctherg Nz43, 97,100!, The mobxlxty ‘a0 of the -
fi-f”.:,x-f ' 5: t.'fcharge carriers is. determined from the relétxon-

;;é' o '2( A= BANLQ seesrestsenesnsnienns

(4.4)

; The observed range of mobility is small féé:' '
K = .. " both type.o# samples, however, it is cqﬂ”‘ blV.z ‘s
NS : ,“,\ .
improveb for 8.075 wt% antimony, duped 2

interstitial . -
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: : Tﬁfs- is-one'n; the reasons-why conduéiiviiy is ’ ’
- ‘"'. ZTH: . -hiﬁher for 0.073 Wt%Z Sb-doped -samples. Fig. 4.7 .
- is a sketch of mobility versus temperature. ;fﬂéf‘
. 1ntnrcrvstalline barrier height. Ty for all ghg_?ﬂ:
3 ; samples is~ determined by using the relation; -

“, o : u,h;.g,anp. t-}f./lcn eerediee, (A.5)

A g L ’:ﬁi?;? and are shuwn in table 4 I.J“The Larrié; héidhé“
';;if}iff:'f:tz%ﬁif.: ‘qi) is, found smallest of all for. @. 075 W7, Cds:Sb
At '”E‘f}fr-:_:lf??ﬂ thxn films. '

I o N i b) Gptical bropertxesz -
. ) :_'”'TTe ejfe:t of- ant;mnnv doping’ on aét;cal ébso?piioﬁ.:
Ry q', L .A"émﬂ:= B;ndgap was exawxned 1n-the ywaveleﬁgﬁh rangei::

i :' i 1f¢ijffﬁf:krom'? 400@A° -_to 9ee0 -fA;ﬂf by .employing a '

. ' : 7 i:i:pho;osﬁectrometer as dxscussed in. thé -section 4. 2 3.. .
: T %;-“‘ ﬁ‘ii; The nntical ‘absorption caefflcxent ¢(§ is of ‘the ..
J:: } f.l_?';_{&;;~owder-‘o¥'1m4 tm“.: Fig. 4.8'sﬁpws' the wavélength %
.ii' 'u.éﬁl _” g ﬁependen;e of '’ . for a few samples. #(om the plots. - ,
'-f“:f.ﬂ“vffi%ﬁ;f.‘ ft am, , be Justified. that the | #11ms’ show higher B
”E'fi:}ﬂgzié‘“‘w“abéorption on the shorter wavelength Qlde -and 1the‘

iiiat '5 “ikgﬁtﬁi_,";resence ;; an:edge. AII ‘the - séﬁ?!es show some red ’

e ;-:j’: nesnnnse and hxgher cut off wavelength: the cut—-off

ey ‘f waveienqth for Cds'and'CdS:Sb composﬂtlons shifts -~ .
..". "-: o . '._ - " v . . . * .'" .
< SR T from " 5300 to 65.0 A®, This can he--satis#actorily.' -
iy T L  Ta
v . o ‘understood from the fact that pure CdS f;lms are -Cd

:,?n' ,-_'ﬁ R rich and sulnhur deficient. Excéss Cq g;ves ‘rise tbi_

..}".' L Lt SRR . | . |
I donor levels in the bandgap of ‘-CdS -ahd ° latger.

S o . contentration of Cd in the lattice makes these donor.’

; ‘JL". :ﬁ-l.j.; ‘-levels dEQEHerate and Fxnallx mErge ;1nto the;u
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ST e f'fcbnduétibn band. Thus an increase in red response_

:-;‘:j_: ‘%;-;'lz'F;nd shifting of an absofpt;un edqe towards h;ghee
;;; j'.";ﬂ;}'i"icut~oif wavelenqth results. For CdSsSb samples a
. i - G?f:}'ifi“ﬁhiéher :-Eut—ofé‘ and. increased~:Eeq? résponse is_.
?: ;;'kf:_,_'i"..';ubServed uhxch:lcan be escrxbed .Eofvthe- Increased

ML

sulphuﬁ de#iciancy. Theae- obqervations resemble

., o %

'ig-{,i awsketch o# wariat;on o#*bdwf' Vs .hd From
\:‘n.:,., -.'L. . " ) PR
_ﬁﬁ?%h' the‘ba"d ‘gap. Eﬂerqies have been determxned.

v,

baﬁ;ation o% band: gap wrth the ant1mony ddp:ng

.

13” showﬁ ,in table' 4.1.;._Nq.g-svstemat1c.

IR va,iatugnf,;n band gap is observed JWith dopent

~ . . -

."-.'_. -'.;;f..".-,_e PO PN o . "y N S
“ cnncentreticn. ; T . N , '
. .i l s L}

L s

= !
" ««.u A oy

3:3 Sirﬂctu?hl propertxes . .ty
a'n _.:'.*;r_..‘-." .‘, : Ve .- . 3 . .\ . -

P AT4 .
t‘q'g‘ .'\

o

3

”?ﬁ.é}glnf order‘ to study the efJeet of Sb-doping:

N - .
LE e . . s . €,

".-scanned by a X-ray aif*raétioﬁ: techniques in.

. - . S

y 'Snge a¥ scann;ng angles between 202 tU' Bmﬂ:f

- . ¥ . e

the i;g. 4 10. " The XRD patterns donsfst 04 peaks
5 -4.".”..'

-corresponding to the dxfferent-, crvstalrographlc

-

alanes suggestzng the samples to be polycrystalllne.

This polvcrystallznxty (1mporcvement-. in'- gﬁain

v
- tes . .

’ structureé increases as the doping :oncehtrat;nn and

the 'additional number of .peaks have- been obServed
ﬂnr E 075 wtl doping cuncentratiun showing that .it is

’ . " . A

a-v: - o 84 0 g

- s
]

tdusely: wlth those oF ‘others-43, 97 98,1|-..-: Fig.;"

_:.,3:}-. . , , L I -.. ) -‘ .:
egtratlon on-structural properties, "the. 'samples

XRD patterns o* four tvprcal samples are shown-.

.
o B
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H‘g. 4.10 X<ray diffraction patterns- for :a) Pure €dS, b) 0.005 -wt.§ CdS:Sb . . .
.Y 1.7 .c) 0.075 ‘wt.§ CdS:Sb (d) 0.25 wt.§ CdS:Sb samples. : . ’
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more crystalline than other. For further Iincrease in-
doping concentration tﬁé number of peaks as well as its
intensity decreases.' This clearly suggests that the
crystallinity improves after doping. and this exactly
agrees with our previous regults 1431,

The interplanar distance, ‘'d' wvalues have been
calculated and compared with ASTM values. The comparison
is shown in Table 4.2. The calculated 'd' values matched
closely with the standard values and the CdS deposits are
found to be mixture of a hexagonal and a cubic phases
14311 The crystal structure for hoth the phases was
confirmed ahd it is found that the lattice parameters
(average taken for large scanning angles) are as shown in

table 4.3. For both the cubic and hexagonal system, the

latfice parameter "a" did ?ot v;ried much with the
addition of impurity.
bl $EM Studies ¢

The ‘crystalline nature of tHe samples was
further tested by SEM miFrographs. It has been seen that
the ':films are ploycry;talline with defined gr;in
" boundaries. - The SEM micrographs showing grannular
structure of both type'of samples are shown in. fig. 4.11.
for fogr typical‘ saqples. The crystallinity of the
samples is found increased with low level of doping
conéent}ation. The grain size is improved after doping,

well defined grain struéture is observed fbr Q.073wt%

CdS:8b
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.
v

composition and a decrease in grain size is observed

- for higﬁer doping concentrations. This is  in "good.

agreement with ou¥ previous .reported results, .
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Table 4.1

:Some'ﬁarametpfs of the doped and undoped CdS’ thin films.
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Table 4.3 .

.

bn of lattice parameters for four ‘typical samples
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