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4. j ' Introduction
9,5

' .The essentials of photoelectrqchemical cells comprising • 

three components (viz, a photoelectrode.' an electrolyte; and 

.a counter - electrode)’ are summarised’in •; Chapter - I. ’ The'-- 

-basics .involved in thin -film deposition processes, nature of - 

the -semiconductor/electrolyte ’ inter-face, “ -and - charge 

transport' reactions in dark and in lighted conditions have 

been’ brie-fly outlined in Chapter-II. The know-how o-f a . 

chemical deposition process,.the experimental- deposition

conditions',.' preparative parameters, and the actual details
»*•* ’*

of procedure for the preparation o# CdS and CdSsSb thin 

■ films. -haye -been discussed in Chapter—III. The • growth 

.'mechanism; is also .discussed.

•’As, our. main intention is to obtain an acceptable out

put power--from, a .photoelectrochemical celY, characterization 

o-f the; semiconductor material in thin film form is 

essential. * Now it has been well- known that the properties

’.of a. semiconductor/electrolyte . interface are ■ sensitive
*, ■1 1 • , •

function of the properties of a photoelectrode material .167!• « , * • , *

* ' r 1 *" •

" . i<e.r, the effective.performance of a photoeletrdchemical cell

•is found to rely on the photoelectrode properties. Thus the
• * , , 

m • * %

prehistory of .a’photoelectrode material is a need to know. 

Any change in the properties' of photoelectrode material' 

alters both the' electrical and the optica-l properties of a. 

photoelectrochemical cel 1.Especially the charge transfer 

ra.te 'across the interface, generation of -the short ' circuit



>photbelec;troc:hemjca 1 cell- are’ closely ’ j.reiatedv'yto the:

•^material"' {-semiconductor) properties,. an electrolyte, and the- 

nature pfthe junction between them. .Thus; the. detailed, 

^analysis' of a photoelectrode material Is highly' advisable. 

'This! chapter'is an attempt to study the electrical, optical,- 

and structural properties of. the CdS and. CdS:Sb thin, films.; 

'The-nece^sa'ryV'de^ign and fabrication pf 'the' characterisation’

■ tools j:have, alSo. been mentioned. Since ■' cadmium sulphide 

•f iiihsr.e- prepared by a chemical ■ deposition ' process the -

■ preparatiye .'^‘parameters arid deposition -^conditions like 

deposition .’.temperature, speed of the ..'substrate ' rotation, .

*-molar • ■concentration of the reactants, ; "deposition time, 

’’substrate-:', holder geometry etc af fect the \growth mechanism

■>.eflectihgi-; into-1 the quality and physical 'appearance of ‘.the
• ■ ’ A */, . • ..1sAmpl.e&if;;.T.he, above prel iminary conditions are .stabilised' in
*, :* *y** ■* , . . . *
.the -fir'st- ffew'stages of the work and are. • listed in’brief in

*%% • *’. • * * - , . ' f
a, i * . - ■ * • * -

■section :'4.3.1. ‘
• t ’ ‘ ‘ S , 1 * ' > • ' *

' General ly ;films’. deposited using this • technique are 

•^•Highly ’ resistive.. The . initial- high •res’ist.ivi ty ’can . -be 

V:,lpwered-^.considerably by maintaining proper ratio of Cd*’*’ 

and ■ 1.94^96The Cd:S ratio selected in this work . is

*1 tl 95-971. The resistivity can "be forthfer decreased by 

doping’, with trivajent impurity as suggested, by /nany workers- 

i 43,-97-100! .

'Section- 4.3.2’ and 4.3.3 reveals, respectively the

^effects’ of antimdhy doping on various properties of the- CdS



.4.2 Experimental Details
•i-* . ’ ■ \ ..

- Cadmium sulphide thin films were prepared . by: our

modified chemical -deposition process onto-- amorphous glass

substrates by .keeping -. CdiS ion-ratio as 1.1 as per the 
1 **-'■•* •" .* »
procedure outlined in section -3;5. The doping, concentration 

** » ' ' , * .!■**-*
of trivalent antimony..was changed from 0.005*.wt */.• to 1 Wt 

.The •. firms' " were’, preserved in an air tig-ht'. . -dark.' desicator.
■ * t ' V * / . » , . ‘ ** * " , ’
The va'riduS experimental measurements carried out- with these 

films' arenasrbelow

■ ■ . ' ' . •
-4.2.1 Measurement■of thickness.

. The •-.ithiekness . .of al 1 the samples'.'was - measured by 

folToWiVig-.-.;-wei-ght'"- -difference density considerations. The
"• ■ . • . ..'‘‘.'j ■' ".-I- "... • " ' 1 . .

methd'cl -. invblyes-measurement of mass, area., and. .density of
.\7\. • “r' ' ' • . • '• '■
. '* i . - % ' * . ‘ rS.. • ' 1 l . -

.the-ina-terr'i^l- .The-density of the material-, is related to its
'*• ' 'i.1 / 1 . 1 ■ ' <■* > • '
.area ' - arid' -maSs a's;

• -i - . •' .' • ■ - ■ . ' •
.t * . - ,.J * •, - *“• ......... ..(4.1)
./>: -‘ •• . ■'A..dV- ...
.^;;V r. .V. .r ... 1 . . | *ii •' ’ . . ;. - . . . . .
Where, m • -Weight■ in-grams of the film.

\V. ' ." ’■ . . ' ' -
. A; ='.-area-;iri'. Cm*-of ‘the film.'

\'T. 'd\>.density- of the material <4.B’gm/cm*--for CdS")

j..- ‘ ' '
#>:2 ,;2 Electrical properties.
.. * .. • - / *. * 4 - » *. 1 • * . * : .. , • , 1 • • . • ,

• •**"*,'" • * /
a-V’Design .and. fabrication of conductivity measuring, 

unit arid measurment of conductivity:"

. The dark., conductivity of the samples was

measured by using a conductivity measuring unit as- 

shown in fig.4.1 designed in our laboratory !'43!'_.
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. *\« i*.,’ _■ ’■ •' , , ,. ■ •
; PigAn experimental arrangement for the measurement 
; ;v.': qf. conductivity..

V'V; li'-/fitaihple.
Press plates

" • 3. ../Electrical heaters
Thermocouple 

y:5v Shield. 5

v “ - . • ,



It - Consists 6-f two brass plates 6-f the size 10' x 5- x

BM*' cm* One of. the plate is fixed tightly on a-

asbestos base of the dimension 10 x. 10 inches-. Two
* * . »

strip heaters ’ <fb5. Watt) were kept in parallel on the 

-first.’.brass,’plate and other plate was :fixSd {tightly. 

t6 , the., lower plate. i.e. strip - ’heaters. • wpre'i 

sandwiched irt' between the .two brass • plates • to 

adh'idve ’ the .uniform temperature, -A’ mica: sheet was
1 i « ' **'• •* ,. ' .* * - * * , •u's'Sd.v>to. wrap the-heaters before being put' in between

• * ' V , . * *
■*/..* , . n • * .

‘tfie" brass''-plates so as to achieve-. the * electrical 

insulation•for -either of the brass-plates. A sample

holderof the dimension 3 x 0.3;- x -.,0.6 cm'., was'-

deiighed and-“fixed permanently exactly at. the centre 

d f - -the -.Upper plate A. Sample whose. conductivlty was 

•-tip ib'ej.V-measured, was mounted with a’ copper press 

cOptacts/ be few the sample holder. The sample’ -was-
* !«>'.. * * • ... . 4

5y *, - *' , . * ‘ ’

electrical ly -.insulated from upper {brass plates and
- ■ ' • . ! -. . ■ - -

the,,sample. holder by interposing- the mica pieces at

thev proper-places. Thermal'radiation {losses were 

reduced yby covering the whole set up in a bakelite 

.boVi ’“'The box was coated- from . inside by . the 

aibestoss .“sheets. The working ' temperature was, 

'recorded., with- .a Chrome 1 Alumel thermocouple (24- 

.-gti-age) -fitted at the centre on the top of the upper 

.p'lat'e. -/The Aplab TPSU (Transistorised Power Supply 

Unit) was- used to pass the currpht •through ' the 

Sample. ’ the potential drop across the' sample .was 

measured with the help of digital multimeter (pla-



100
DM-14B) and current through the sample was noted' 

.with a sensitive MIL - 2663, 4*/2 digit -.nanoammeter/. 

b> -Design and'fabrication of thermoelectric power (TEP:> 
-.-unit; arid .measurement- of -TEP i‘ • ■ •

The necessary conditions and requirements', for 
..thermoelectric power measurement such ' as maximum- 

- t temperature .difference .’and - minimum contact 
resistance_ have been discussed by. Bauerie et.al.
J01,’. The necessary care was taken to fulfil the-, 

above -', .-'requirements while " f abric-ating the 
• ■ thermoelectric power unit, ■. Fig. 4.2 shows ■ a 
"schematic of'the TEP measurement"unit. It consists' 

", ", pf^.-two Copper plates of the dimension 5 x 4 . x f-.2 
, cm-\" fitted on a asbestos sheet supported by a 

.. :':bakeii-te sheet. . The plates were " arranged • in 

par'd 1 lei - separated - by a distance of 0.5 cm. . The 
plates were pitched to'a size of' the - miniheaters,' 

.-‘-7froin -the.bottom and the miniheaters of .the. different
■ V * ' ' • . , • **

;-' wattage' (65'W'and 35 W) were fixed in . them/ Care 
•,*Vl‘|(i'as ,'takeri of the e,lctrical insulation between- the. 

'''‘.-'miriisheaters and the copper plates by means of a mica 
sheet. -A"‘pair* of sample- holder- was fabricated, in 

. our laboratory in a similar.; fashion as that of -the
t * , . . , ’

*/ * ’ » ** •

, /. conductivity measurement- and fixed . on . the top
. .. adiuscWit . nearer edges of the; * copper . block

“lengthwise. The sample size used, in -this study - was 
2.5 x 0.5 cm.' on amorphous glass substrate and the 
dimensions' of the substrate holder were 3 x 0.5 -x





■ .BL9 cms. ]The sample was electrically insulated from

. copper blocks and the substrate holder by means of

. mica' pieces. The press copper* contacts- were used

.for the measurement. Chromel-tAlumel ■ thermocouples

' ••X2f4 guagbl- were fixed on1-.the top .of ‘ the. copper-

*. blocks for1' the temperature measurement.-. The proper 
* * ... * 
shielding:of a*-unit was made.-by a bakelite box to

'mlhirtiiVW tits', lasses due ’to thermal -* radiations*
*«•. «.•,*»#. ’ * * 1 * / ■ , 4 * * . - . , * ,. '5‘ v. ’ ‘ ,Xher/ntiybl tape was measured by-a 4rl;/2' digit. HIL-2665. 

jmipr^q^voitSmetery - The ‘ .temperature.■■ - gradient-

measurement was done with "3l/2 digit, Agronic -113 

'DC :micrdvol:tmeter.

•4/2V*3 Optical /properties- s . •
’ . 4; . :\ ' V * ' ( \ ' J ■ : ' ■ \

‘.'/knbw ...the -type -6# transition and- to - estimate the 

optical .absorbance.and forbidden energy gap-of the material,
V" . p. , • . ' . . ' . .

'the* /optical*.;absorption' measurements have- been carried out-.

Both' doped:, and uridoped samples* of/; cadmium . sulphide were 

/s.cartn'etfvfor' the4 optical -absorption studies irf which • optical, 

.density.,';fc>as:- ..measured -as a function -of .'wavelength. The 

jShb’tdspPctrOme terHitachi Japan/ was -utilised- to persue.

\thisi measurementsv , :Sca'nning rate was 100 * rim per minute and
*. • * ' » ** •. * *• ••*, *“'-.*.* * , r — •.» * *^ • > * • •.» , •
• the rarng'e;of-wavel-ength was -400- nm to 900’nm.-

- * * ' * •*'*•* . '‘ . ' • .# • . ' * ■.
'4.2.4’Structral properties i

** • «» / * . . ,
. i • ■

a.) SEM Studies :

. Scanning Electron Microscopy -CSEM) studies ‘of. 

the samples were obtained from, ASIC-, NagpuV for the-



thin . film* samples. The resolution Selected was"

11000.

b) XRD studies i
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The XRD studies on thin. film, samples. ‘ were 
* * * '»*.•** • 
examined ‘ by using Phillips- PW ■> 1710s- ' X-ray-.
d.i.f f ractonteier .with Cul^ - radiations..

•'4*3 ■ Resul ts-:anbv.Discussion .£.

■ Prepar-a-t-iort-o¥'thin film .photoactive-materials play an

i'ir»pbr'tant>.rolej..iri .devising photoelectrocbemical solar cells..
. Thin. • fi lm • photoactive electrodes .‘have1 -the overriding' 

advantages . .‘of-..ease .of preparation and'cheapness because of 
the very/sma-l 1-. quantity.,of the active materials required. A

quality, thin ."film material results, if.-number of •'preparative, 

parameters such as* deposition temperature* deposition time,
i , * ' * • » * *

speed-.of.!substrate rotation* pH*.-and concentration of .basic 
ingredients . etc are optimised-. Following'are' the possible- 

'parameters -studied in brief while depositing the sampiesi

,4!.3.-1- .-Finalisation of deposition, conditions ,t

- ••The thin films of -cadmium sulphide have been prepared

.toy "a "solution growth technique. The mechanism and process-'
of ’-‘film .formation from cadmium sulphate and thiourea with'

’ > ’

liquor ammonia as a comolexing agent is discussed in section 

,3.4. Ammonia forms a complex compound (cadmium - tetr'a 
a'mmon'iur)’sulphate) with cadmium sulphate. .- the - dissociation 

of thiourea occurs in this alkaline medium when- -""temperature
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tif -the reaction" vessel is raised to 8S"C to -form the, . , » • t
b'ivalent- sulphide ions which then react.with complex ions to

****** * . * *«, < *.form CdS nucleus. .
Cd' fNH»X** + S*“ ;------ -> CdS + 4 mg- f
* ‘t ' y 4 1 .

The process of . .formation of CdS films" is ‘found to ‘ be a 
strong-, function, of various preparative" parameters -and 
deposition7ycon'dit'ibnsi .The .various' par.ame'ter.s- overviewed

ire ’ 7 -V
‘taX Deposition ^temperature.

. .'7..Tf»d .deposition temperature plays.an important role

••• - 'whi-fd-;.;preparing the CdS samples. In a-reaction vessel

-there', .vis" 7-no solid phase of Cd(OH>a-. to' speed up "the
V* ' *" - •'*" '-'■’V' I*- **V’ ‘ ’ , * ' .- decomposition "of thiourea-. As a result film formation
7j.-;:.-i-»‘.’:.'.-«M<PdC.1»d "to; taPe place above ascertain . temperature.
* ** . *** ’*• !'*i i / ,* • * * *** * *
♦ * «„ •***. " t , ** . . • < '

■ .’Thermal' -ehergy helps to decompose thiourea and - also
> «*v.» f ....* iSrovides;..kinetic energy to the ions resulting into ai

•», *„t I * *' , V ‘ * . * ' . *

e-''" '"i"ncrea%ed.'.-'number- of collisions and. -hence. '. the fil'i
an
m

-formation - occurs.* The films were, deposited, at vario'us-
/ v .-temperatures, - at -an interval of 10B'C. The physical.

-appearance -of,[ the- samples such"as uniformity.,‘ stickndss,
-v1hi‘ckri#ss'"..etc. showed that the films deposited at 85*C ; . , •

are more suitable relative to others.

<b> Deposition-time.
* I ' * " , , ‘

As thiourea decomposes slowly the deposition of 
CdS 'films is a slow process. Further, it is reported 

■■ .that.the-deposition at 05°C results in uniform and, best



106
• quality -films ’95!* and a saturation in -film thickness

» , , * ,
. is' .observed after 40- minutes. A deposition time. of.

'. approximately 45 minutes was selected to ensure the
. . 1 * , .

maximum thickness !9'5i .

<c) Geometry of 'the -substrate holder.

'. A substrate holder designed in our laboratory 
'(sectioTri .3^2".4)„ was used to fix, the • position of . the

• ’• • • * *v- * _ 14 .. . . . . *
V* ’ rota'ting-. "samples.. it was found that the substrates at 

-•90? ..jpach.other, gave uniform deposits implying that the 

geometry.'o'f-.’thb substrate holder allows' Required-crystal

'ririfeirteaftiorfi.’ 1.95!.., A subs.trate- holder . in which
■'■‘•’SyV . • '

'sut»s'tjfi.at#s-,4.;make. an-angle of 90°. with : the respective 

;'.aiametet.^s.,'usecf;,in "further study.

<d> .:Bpeed.'rg'f/t'he substrate rotation.

' .:;The speed of the rotation of the-:substrates is-the
- , - -.'V
*■ - V ■%*•„* f _ . ,

K

.keyAfad tq>f ;in deciding the thickness of the deposit. An 

. uni-fdrm-speed 'of substrate, rotation -was varied with the 

help; of; constant speed ac gear motor from 50 r.p.m. to

•ilS0’*..rVp.m.: y 'it' was found that the deposit'thickness goes» - ^ *1 { *• ’.
1 on '--decreasing :as the speed increases as- shsown- in f igy

« "t * *• , .» » *• # t * v

■4*3*-. ;For any speed in low speed range <50 to-65 r.p.m.)
*•**,*. 1 * .... * * t > ,

* „ * . . * /y *

films" are found: to be thick* nonspe'cul.ar -and spotty
1 s . . *

while , in-.the medium-range of speeds (70 to 90 r.p.m. )

thick, diffused, and adhesive deposits are obtained. At
1 * . * .

.higher.-speed of rotation films.are specularly reflecting 

and .adhesive. Attempts were made further, to deposit the





•'.CdS .. layer on stationary substrates indicating '-'the, 

.powdery, porous., thick, less uni-form, and- non-reflecting 

-deposits.' -The effect of-speed would seems-to - imply that' 

' the- {fliiid motion prevents adhesion of the ^precipitated 

CdS' to ,'the-surface. of the .substrate., .In -this study an- 
intermediate- speed- of 72 r.p^m. Was chosen, and kept 

. constant-:throughout forthcoming- studies.-

(el •Concentration of -basic ingradients^. . v--- - ■ . - .
"■-.T -The’ --above parameters were kept constant and

' -.copcentra ti'on' of both' cadmiurn sulphate and .thiourea were-
- ' . - .

yarieds,:."-.For' low molarities .(0.1; to -0.5 Ml, reflecting

- .ah.dV-.thinri'er, deposits were obtained ('0.08 juun to -0.2 .Aim

;; - approximately’). The higher molar con e'en tr

■\\ 'thick.and hon-f-ef lecting films*. The molar it' i ‘ . • • • . . - *

that ions gave 

ties selected

were;-.1- li' each,

f> ...Cds'S.. ionic\ratio. $
^ , . * *s. . * *

’» , y * ’■* ' ' 4
.->•-* Systematic1 efforts have been ;tak.en-'to‘ -fix', the Cd*5

. '•

iro'g .-''ratio by PSwar-and Deshmukh for. CdS and Uplane arid

■ .Pawar v,!96-! - * for mixed CdS deposits. ■ By thoroughly- 

'^Ytesting through succesive stages .of .fi.lm and. PEC 'cell

■ properties,/ they have shown that in purest form of CdS
• . * • i . 1 , - ,

the.ionic ratio (Cd:.S) approximates 1:1. We have, while 

processing for • the work, started with equimolar.contents'
. t ‘ _ . .

. of-both cadmium sulphate-and thiburea.



4*3.2 Effect- Of Bb-doping on fi-jlm properties.

■ a) Electrical properties:

The. electrical-and optical properties of both’ 

. GdS.and CdSiSb deposits are studied .'at optimised' 

preparative, parameters ■ and conditions. '.Only the 

4 concentration Of antimony dopant was' ', changed -from 

, ‘0.005 • Wt‘ 7. to'. 1 Wt%. The thickness of- the Samples

• \:waS' .-measured-'.'and an increase in 'thickness with
■ .... • •• •

, < ‘ n.. " . ’ ' , * *

•.aritimony doping concentration was observed upto

. 0*075 : ' beyound which it '. decreases. The
„ ,*■ ■**■*.»' * 1 >

. . dOPbnderie.e. of thickness on antimony doping level is
• ... ' . .

. shown in'.-fig'.. ,4.4’and can be explained on the' basis

• ..af/C-the .*' .role-of the antimony atom as ; a nucleation •**„•••*•»■**. * *
V. ../.'.c§htre.-..'I.43/97!. '-When glass, substrates are dipped

- . ’ ■

;.*'? > in to-?;,,the"! complex . compound of- the reactants, a

■.•suspension' of ■ Cd<OH)a which, acts as ■ a catalytic’
v:‘ • •.’ ■ . :•• .

" . .surface-,Vv forms a. thin layer on it ^ and decomposes 

• tfji-otifea '..resulting in CdS film forma t'i'on..-. Due to- 

. - the' presence of Sb(OH>» in a complex- suspension, 

'■i'.however, rtucleation occurs which contributes to - the 

“...enhancement /.in-";-the film formation process upto 0.075 

Wtj£.:. .‘antimony doping level.-- For higher 

.concentrations the rate of* nucleation increases 

although' it may prohibit the entry of Cda4" ionls and 

“.as,-'k result the thickness decreases '.431. 

i) Conductivity t

■ V .■ - The dc electrical conductivity in. dark was

measured .'for. all the samples as explaifted in the
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sec.tion 4.2.2,. The range of. working temperature
• « ' *

■was ' 300.K to 600 K. it is interesting, -to note 

•tha.t- antimony doping concentration enhances the 

conductivity which attains it& maximum,value at 

■0.075 ,Wt%;and decreases -for hipher doping levels. 

.The. logarithmic variation of the-'.conductivity 

with'-’ .•■■temperature for five- .typical -f£ 1 m

compositions 'is shown in fig. 4.5'. The plots are 

.„1 iriearV- -• The plots, are further analysed to- 

calculate ' .the activation - energy, 1 using the 

" relation ! 43 f. -. .

"‘6* 6^ exp t.--Ea|KT) (4.1)

inhere,.-.; Eais the activation energy and ‘ other 

.terms have their usual meaning,-- The activation' 

energies are listed in .table -4.1. Similar type 

of‘('results are' available in. the- literature 

•i‘97:,90,100..102,103i. The •'■-enhancement in
i 9 • Ke • ‘ . * * . *. .

.{.conductivity with antimony doling concentration 

cari .be explained on the basis of-formation of Cd* 

ions' or -‘Cd" vacancies, being formed for- charge, 

compensation, because during the- film growth 

.-thivalent antimony replaces the divalent cadmium 

-and there is/possibility o.f formation of' Cd* ions-
i

rather than the Cd vacancies as antimony and Cd 

are. deposited simultaneously. ..This- helps ip-

'increasing • the conductivity upto '0.075 Wt% • Sb-. 

doping concentration. The charge compensation





1

process ceases for higher doping concentration 

■ which may be due to the migration- - of .'antimony
' I » • * * . V

' atom at an -interstitial rather than- the . vacancy 

. position of Cd 543,97,1.00!. ■ :

iIXthermoelectric power ,<TEP) t
“ • . i . ■h • • . «

4. ‘ i' • * * . • , , * , , ,

The*- •..thermoelectric power .-studies,’ have- been,
':5 - '• •* -■ examined in-dark in the temperature -range. 300 -K

* , * .v , ***'-. t t * ,
>• 7'to' ,49B-'.K as discussed in section . 4.2.2. The
* * *■/,**• * '

V- polarity of the thermovoltage at-the-'hot end was • **•*«»
V .positive - confirming that al l the samples are of

* * ► ,
’■;p-^tVpe;.. Thermoelectric power P ,is of -the order 

.y,'■ b£-.; fpr all the samples,, Although /it is
/‘/higher ‘-’for 0.075 Wt*4 of £dS*Sb . films. . The

t* » *, .»«' * * t. ’
» . i.i“ . ’ . . ‘ , <i

.- rf©p©nd©nc© -."of the: . thermo©ler trir.
,* •*«„ , ,"i> ■ • *
s" v‘( ’ 1 * * • .*Viewer/for fetiy typical samples is. shown in. fig. 

!V* '4,6,-.. /. '• ’

. u->Th'e relatively superior, magnitude of TEP for-
'life CdSiSb- deposits can be explained on the

s —. ■. • . - - -
.•■•'...-similar' lihes that predicted for Pb.Te 

. incorporated' with Cl — ions. It is-obvious fr&m 

/•/.the';', previous section that the' activation energy 

is-- smal ier for 0.075 WtX .antimony doped CdS than 

that ' of the pure CdS. This Ascertains the. 

.position' of antimony donor levels between the

..conduction -band and the-Fermi -energy’ level. Less
•'*«» * , * ’ t * <

thermal energy will be required.to promote the
.■•■.-. . ' ' g, i "

' electrons fa conduction band contribu^

increased TEP with increase! At



higher-doping levels, decrease in TEF* is observed

due • to. the formation' of acceptor levels because
# , ' 1 ,
« . * * • • • »

of 'migration of Sb-atoms in'/ the interstitial’ 

rather'' than'a vacancy- position .! 100,104!.. The 

carrier concentration <n> and therofe l ee trie power 

<P);;are. related as * *■ /- • '

;.V P.» K j"A + l„^2C2me#.KT)'■''*}]--i<4.2)

Zii- • ■ • nh*

wher,e,V... A is thermoelectric factor- (2.4=A for 

‘CdSi,' P the thermoelectric power in AiV,. n the 

carrier concentration, h planks constant, nj# the'
; v:... ' \

^effective-mass of an electron and t. the absolute.

temperature..' Equation (4.2). substitution of
•*«.**'* , • - * / ' ‘

various' constants simplifi'es ’to:.

:log n -*3/2 log T - 0.003,P +15.7198 . .. <4.3)
i> * *

, * *• * *

: .
The' . electron density, was calculated by using 

'equation, (4.3) and is of the order of.10** cm”1 

for al l- the. samples, however, 'it' is considerably 

higher -for’0.075 wtX CdSiSb samples.. This is in 

excellent' agreement with the results reported -by
* • . .v ’ »

others 143, 9?,f00!. The mobility =(ju> ’ of the

charge carriers is. determined from the relation:

11 *» 6/n.q .'. (4.4)

■ The' observed’ range of mobility is s'mal-1. for' 

both type, of samples, however, it'is cqd^pt

improved for 0.075 wtV. antimony doped samp-ies.. V Its



This- is one of the reasons-why conductivity is 

higher -for 19.073 Wt7. Sb-doped-samples. Fig'. 4.7 

:V,i*.:a sketch of mobility versus .temperature. The- 

- intercrystal line barrier' height,-<-T)/ for all the 

.samples is determined by using the. relation;
■ ■ " :v' ...M,;b • <- jlm/KT>........... (4.5)

and' are shown in table 4.1. “ The barrier height'
■ ’•(/)■ -is found smallest of all for. 0.075 Wt7. CdS.-Sb

- . .\ f, .• ■ ■

■■ ■ ’ “thin films.-

b) Optical properties!
\ * . *

-The-, -effect of-antimony doping‘on optical absorption 

■'.'v-an'd.‘..".Ban!dgap ’ was examined in--the wavelength -range-’ 

from•• .4000A® to 9000 A° . : by - employing a
S ‘ * * * . . • ’ ' ' ’

. , • * ,1 * .. • . *

photospec.trometer as discussed in-the-section 4.2.3.. 

The optical -.absorption coefficient -(«0 is of the
«5 ' * *, i 4 * . t

order’- of 10* cm”1.. Fig. 4^0 shows' the wavelength 

;’.independence; of . . for a few samples'. From the plots-

it can, . be justified . that the -films show higher

. . absorption- on the shorter wavelength'side -and - the
,* ‘ , •*. * , m•,-v-'■ - r-‘ '• . ‘ , .• *-

,l.-’^'^re?erice -df an--edge. All the-samples-show some red
*’ • i* * . , - * * ,

•response and higher cut off wavelength* the cut-off 

! wavelength ' for CdS-and CdSiSb compositions . shifts 

. , '.from '5300.to 6500 A®. This can be- -satisfactorily

understood- from the fact that pure-CdS films are -Cd
\ , .

■ ' rich and..sulphur deficient. Excess Cd'gives rise to.
! 4 i • , * , ■

donor- levels' iri the bandgap of'--CdS - and' larger- 

' concentration of Cd in the lattice .makes these donor, 

-■'levels' degenerate and finally, merge .'into the-.
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.conduction band. -Thus an increase in red response
/ \ • i . ■ . • • ■ . " . ;
and - shifting of an absorption edge towards., higher.

* “ ' * * ,
.cut-off- wavelength, results. For CdSiSb samples a
. i «?* «

• higher ’ - c.ut-of f and . increased -, red } response is:

* r

*V

' . dfaierved'-- which'ccan be ascribed - to “ the Increased

!■. "syl.dhuri'’deficiency. .These - observations .resemble
■ 'v . ^'loseiy^: wi\th 'those of;. othere * 43 p;9.7 9 98,100! 1 : Fig*
V ,v \ ‘>*u:. ^ '} * ' - . l . . • , ‘

.'4~9.it'iOt" .a*,-sketch of variation of "Whaf Vs. -Nil .from
:V vt; ' '4 * V s * - • - . % •, •

V;-''v’* ;^''' .'’.v»/hich-.-.the;'.band -gap. energies' have ' bepn- -f determined.

■ . .-;.:' jhe;.-?-j/ariatioh of band.* gap with -the' antimony ddping 
* ‘ *■ **“* , ti -* • '

- ;VleVel - is .' shown , in • table 4.1./'. No. systematic
, va'riatipn/in band gap is observed ,'riith dop'ent
v.V ^

% • ■V^Oon.d'entratian. / ' " . -
\ • • *-1l w * *• 1. ■ vX-.*.". ,- ■ .* • ■ - ;
' * ;’ '± *$'•***\ *■ V
43'i 3-;; .BtrUctura 1 proper ties r

■a" .rail "XRD Stud ies Y
!<M•X.i

-v.';.. '.tppfeen that ion on-.structural properties, |he; .samples

.V".-,.In " ’order ' to study the effect of Sb-dopi-ng

. * " *; ** tv *» •/ *■ .*\\ *'-'*■- 5 J** * T -t, s‘.• 'V'- V • v-wferVy /scanned: by
% i .V-.„.

a X-ray diffraction .’ techniques in
’' ^fhe^-.range-.'of scanning angles between'.20®. t.o ’ ,00®‘. .‘

\ ... _•
v ^ »1 » »»» , ***•» ** 4 V '*•,.« .* * . » «**,•,* *rThe-./XRD-..patterns of four typical' samples .are shown

.• V / \ . / : ■ ■ ' . ■ .’.v . * ' ‘ .t sj / *.*. - *.* . t .-.Vih jthe-fig.; 4.10.'' The XRD patterns donsi'st. of peaks 
- ’ ■ \ ■ .; • '" ■! . - 
- .v.ccj'rresponding ■ to the different . crystallographic

' -planes -suggesting the samples to be polycrystalline. 

•. •. . I -This.’. .'paiycryst-Sl 1-inity (imporovement- in - grrafin 

; ■ '• structure-) -increases as the'doping concentration and

: ' the' additional number of .peaks have • beep observed

1 ' ,.f°r" ®*'075 .wt^.doping concentration 'showing that -it is
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more crystalline than other. For further increase in 
doping concentration the 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 results 1431.

The interplanar distance, 'd' values 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 
1431". The crystal structure for both the phases was 
confirmed and 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 
lattice parameter "a" did not varied much with the 
addition of impurity, 
bl SEM Studies

The crystalline nature of the samples was 
further tested by SEM micrographs. It has been seen that 
the ‘ films are ploycrystal1ine with defined grain 
boundaries. The SEM micrographs showing grannular 
structure of both type of samples are shown in.fig. 4.11. 
for four typical samples. The crystallinity of the 
samples is found increased with low level of doping 
concentration. The grain size is improved after doping, 
well defined grain structure is observed for 0.075wt'/.

*

CdS:5b
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composition-and a decrease in grain size is observed 
.-for higher doping concentrations. This is in' good, 
agreement.- with ouV1 previous, reported result's.

’• .■* r

V



Table 4.1

t
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.Some parameters of the doped and undoped CdS' thin. -Films.

Sr.Nb. iOopihg {.Thickness {Activation
IConcen-:" „! jJm !Energy

", f (ration.1 • 1 <eV)
• SSb ' wt% J .1

Eg(Opt)
eV

Eg
(therm) 

«?V . . eV

1 !. -0.45 S ‘ 0.97• :'(oC»re tedSU '.‘A; l ‘
2;47 1.94 0.93

■*.' 2 • -V • i ■ •0*005 l?.‘."0.73 ! 0.94
- ...-. '*• - ■- “•‘I ' ‘

* i . ••.. (■ ...... i
2.40 1.88 0.82

• 3 ! , . 0;'010. r 1 ;03' f • 0.90
i . •"{" !

2.31 1.80 .0.71 •

-4 V; ! ' ’ - 0.’025 f .1.17 1 0.991 •.*/'* “l A‘ ' ' 1• 1 * ^ t • f - * . ' »... . ...... . . » . . * 4 \ * 1 .. .
2.00 - 1.98 0.87

. ‘ . •. -.'V-*4- • *- •5. 4 ■ 0.030- S:/ . 1.21 S 0.93
i.■: -. s’ : - . ... ... ! .. 1*. * • * . * *1 ......

1.92 1.86. 0.66

. 6 ’ • "{; ' J- 0.‘te73‘ 1 '.1144 ! . " 0.83
f -. / .? . - l

• 1.85

1.70

.1.66 0.54

> : 0.100.:} ’■* 0.77 ! 0.94*• • i. *« * • ■ i‘V .v,, •
1.88 0.58

•V.B.~ 'Tv. .-CK250; f ‘0.41- :I 1.15
'....'’A •'") f - , - * - i

2.43
1.

2.30 ' 0.89

;'9,1 \ y fc.S00! ! • ■ 0.36- I \ 0.88• -* t ’ 1 ' ,1. / *vJ •:*\ ' » - ■
2.86 1..76 1.13

V -i
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Table 4.2

'• Comparison - o4 ' relative- intensity 

.-distance <d) vs angle of diffraction

(1). and i-nterplanar 

for,.different-samples .

■ +■

'r s

. • »* *

•1'Sr. 1 Sample i 2© . .! »d" .’■d". I/Imax " Plane <hkl)
!Nd..S ! . . 1 ASTTi Observed *■ t Hexa Cubic !

J ?3.100 !
’ 1, ’1.* ' *.*•»*«'.. 1

3.850 37.200 . - !
.r »■.*•«/*»: » •
1.. ‘ .' 24.400 !
-!■■.jtfV;:.;.-! -v- ■ !•

*3.590 3.640 39 *300'WWl >JOl# 100 - ;

Y - ..i.i Y 26.200 :
■ r * •„H:« * * **•• e *

. 3.360 3.400 100.0013 •' 002 ill cp> :
*• • » * \ %9 r •
! 1?. DdS. !-27.700 ;

”i. .i*: ••,«*.% ' • »
3.160 3.220 41.030 101 - !

* 1 • . t *i,•/ ■
i J.-;r^¥VV*>>-,"30.S00.s

•'i ».,mt * '■/ :• •„: * i
,2.900 2.900 25.600 - . ‘ 200-. (p) !

-,.l ■: i . ■ i. ---• . I
I'.'-l L.-'..44;S00 I

. s;\/.V;v. ;
2.058 2.038 24.300 220 <J3)*!

47.600 S • 1.900 1.910 23.070 ' 103 —. !
, T-T- | , —    ,•

k*v";,Y; * ■ -.-24;400 1
iv'lr • n m' - ■ 1

*•:; 3.590' 3.640 64.440 100 ‘ - !

,1 >' VY‘.-r^6.ft00 1
.» - * r-*vr 1 .1

3.360 1 3.400
1

100.000 002 Ill (p 1
■i .«. . ■ »
'*!••* VfCd^;r Sb; 27';S00 ! - 3.160 3.200 60.000. . 10.1. . M I
'l.V< f ‘ S- .1 • * j
.{■• 2 ' 30.600 S
*' . j. ' . • 1

- 2.900 2.910 40.000 200 :

r :!.X0.01 WtX! 30.200 ! 
*. «V .. 1 * ' . . 1

• 2.450 2.360 22.220 102 - j
1 4 * V ’ .s • • * ’ • «

'.!/ !..0b) . ! . 43,400 -1
’»5 ■'.■*. . 1 ■ ■', ‘ 1■« '• .............. . \ . * > - . ••

2.070 2.080 24/440 110.
‘. • .1

I'. - IV ' \ ! 44.400 !
'!.* Y-.'V. ’ L' ■ '!
.i ."i : ■ 5i.d>00 '

. ., ' 1 *

-2.058 2.040 40.000 , — 220 (p) :

• 1.760 1.760 17.780 112 311 ,<J3> f

•• * -i-. •.
, i * ** *" 4"

V-"' '

, ‘ ” t. . \ .
*.V VV *•
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s. s 
i •' r
i .
i

r
I- !

1 ,i .,

“V'

f'?4 !
I. I
!11 .-rAtx.!

•Sb")

• I:
. • *• . I

*

•!--------- ---------- r—!---------------------------

l 24.300 S 3.590

t *
3.630 55.520 . 100

-............ . 1 1 - 9

1 27.100'1 3.360

• 1

3.290 100.000 002
’ 1“ 

111 <J3) >

! 28.600.1 3.160

"J *

3.120 55.520 • 101 . . “ i

1 31.900 j 2.900

1 ■
2.800 23.8B0 . 200 <|B) ,!

: 34.700 !

! ’I

2.580 28.360' _
t |

i 1
: 36.800 : 2.450
1 1.

2.440 14.930 102 !

,i . 137.600 r 2.400 17.920
i

i;. "7 I

m- ;. 39.000 .1 -
A •* M * * 1

2.300 16.420 . — - . \

1" ‘ . »
f . 44;600’ 5 2.050

I ' , 7
2.030 41.800 110 220 \pi :

! 45.400.j-

t • . .
1.990 29.860’ • - - ■ s

r 47*000.1. -

V* •. ■ 9 •

1.930 16.420: -

K , , •
V 40;s00 ! 1^.890 .

• .* * . • 1
’ 1.880 19.410 103

49.200 i ‘ --
1 * i * *1

1.850 20.900 -
. I

• - *
52.600 S' 1.731
-•............... v...- -.... -......

1.740 31.350'S • 201 311 (p) !

I-!''24.400 { .3.590 3.640
■

56.520. 100 !
*f .* *. |
::'26.000 1 3.360

'1 • !S’

3.420 100.000 . 002 Ill (p)’l

•V 27.600.S 3.160.

. ' * » .
3.230 54.350 • 101

9

i. 33.800 S - 2.650 17.390 * 1

.* * f' * . •
■ S; 43.300 !• 2.070 2.080 36.960

•
110 !

1 1
: 44.400 : 2.058

*1 1
2.040 32.610 - 220 :

S . ’ 1
!-.' 51;600 !' 1.760 K760 30.440 112 ' 311 (B) S

JL.
•, —

i

! » ; »4 . ' • * 1

i 't ‘ - *

* *-t •
. .** *>V'

I *> ’'*1.'. '

• > ^

, * % .
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Determination of lattice parameter’s for four/typical samples

iSr »;• I, 
■■‘INo.. •«
I/ • »'__;___

Phase
I: Doping
S,Concentration

Lattice parameters 
V

‘•ti

0

• »• ' , r/ .1 Hitfagana 1 j \ /• 0.01. wt% Sb
'.i ■ / ■ i • V

1-. !- r •«''/• V. K----;-- :-----
b' #. c)-J - 0.073 wt*/. Sb. V’- . ’•

« . # . ■ -*■ | ■ ' i*/V» S'* •' . |

. 0.1 wt*/.• lr. ' ■- !' . « v. ’.e \ *1'# .** * ■_ ’V-* ^ * ’’’k . . *,J* .V.
Sb

s *.

. 5 •• ,1.• I
. .• *•• I

. % 1 ...
I

} .. cubic 0.01. .wt*/. Sb
-/ . '///,/•/;/ /v V.

, WV’.= b«=;cU' 0.075 wt*/. Sb
;r :j**.i/ ;

. ' > ■’ ' ’ **»'«•», ' I V’ . • * 1V'" . ^ '// » < * , t

% *• *’.•'* *•*/!.'.’* * i ’ .‘t..**-* ^ **', * ’ * * *,.i. ■; ' •• ».■! .. : ' . ..

b *A .c - ^

4.14 6.76

4ilB 6.82

4.20 6.56
%

‘4.19 6; 854.19

5.82

5.82

. f i
.1

5.73

• 5.02 " ' T

c .
,<r

\ SV •« J »*»V, . i.

• ' V'. ’ ■ •' j,, • .
•«1 *• ./. " »* '/•* *«

..V *£? Vv.s - \!i. ,
* . ’ tall *

i
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