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_ CHAPTER - V _
'STUDIES OF CdS AND CdS:Sb BASED

" PHOTOELECTROCHEMICAL (PEC) CELLS
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5.1 .;ngogggfion s

Nou ‘& days ‘thin films of chalcogenxde eemxconductnrs

..126

#pund worldw1de appl;cat;ons in various fxelds .of science :

L and technoloqv incrudxng solar cells. o Solar'_cells are

considered to "be one o¥ the possxble alternatives fo" the -

'l

deplet;nq resources of energy such as 405511. fuelse " coal |

,‘ e -

etc..' % ib the oﬁohibitive cost. o# sxngle crvstal_ solar

télls that has turned the 1nterest of sc;entxflc 'cohmunit§

._..'-

'.r "

*-'Eﬁh?i‘tvpital instrumentat;on:.'are few . of the many’

it the possxbzlxty of using the semxconduct;ng *thln ,films‘

e

Sl H

uhlch--ene prepared by either the chemxcal or -the -physiéal

. T t,

methods.“ wastage oP‘matermal. hxgh cost per surface area of f

L
._.na-'.‘

denos;tion. fxnstabxlxtv. deposxtion @emperature and ted1u5'

. - 3

disadvantaqes of 941 the bhyu(cal mv!hodu;: On  the other

-'\"n W b '-..'

o
4
L '.

hand. sxhpﬂe ease of preparat1on. mxnxmum actxve materials,’

¢"’ *”

vlow cost per ‘area o# ‘deposition and dopxng capabxl;t;es are.

dxstxnct,

Rl “ay

.ﬁmmiconductorﬁ whiCh pmssng ‘an nppropriate en@rqy bandgap

*
> ?

seems *o be effective An photcvoltaic energy -conversion.-

Being an intermldiate bandqap. semiconductor d;rect mode of

't *."-

trana&txcn, ,hngh caeificxent of absorpt:on,. and stabxlity

. aga;nst phutod;ssodutxon- Cadmium sulnhxde'xs ‘a promising

"i'éﬁéiid—soiia junctions and alse by the semlconductor-liqui&-

Jundtion. the later. has certain overriding advantages. such

as~3unct1on ¥ormat1on bv merelv 1mmerean the thxn #11ms in

a suitab]e-electrdlvte. minimization of a'lattice mxsmatch;

:; thermal expansion problems and a wlde chn;ce and control

-

3 5Uner10rit1es of the chem;cal methods. The

l;ﬁaté?iai dn th;s contextm Solar: Cells can be made by the -



' ce!;s._

over the . redox potential in solution state. Since the

fahd&ovo]taic properties are the direct consequences n*..the
- material - pFoparties3 e choice lies both for the

preparation and characterization techniques for a material.

THe literature data shows a large number of preparative

_meghbds For'"tﬁéh aeﬁosition of cadmium sulph;de bbth in®

: Bfﬁglé crvstal and polvcrvstalline farms, (25-30, . 43, ??44'

P
‘- -

127

100 ] fﬁé:f optlcah to electrical energy conversion .

~‘_hefficiency untill reported is quite belgw ‘. the éxpeétation‘

- And 19 qenerallv quonosnd to be due 'tu-‘itg' hjqnp}'

- ».." ' >

'resxstzv;tv., 'ConsiperinQ'all the facts into -accounts, . we
','havs planned 'tqudeposit the dpped _and. 'unQoDed cadmlum

sulphlde thin .films by bur modified chemical deaos:t;an'

process and empioyed .them to form a photoelectrochemical

ren

Sectlon 5 2 describes the desxgn fabr;catlcn of a PEC

-’.:céll. and the e«per;emntal .procedure for some measurements

;qﬁ': phutoelectruchemxcal cells. These' . experimental

- -
.

iobServatxuns have been dxscussed in section 5.;.:

‘ -
s

sz g'gge;;gm'gﬁegi"-netaii1s 1

',The"éﬁﬁbles; both CdS and TdS:Sb deposited onto

o

sta;nless ' qteél ' 5ub5trate§ were utilised ~ for the:

onstruction of a nhofoelectrbchemical_ cell. The

exper;mental éondxtaonq megntioned earlier were adopted whlle

.:deposztznq the samples (Chapter 111y,

¥



© % - 8.2.1 Dedign and fabricatibn of a photoelectrochemical . (PEC)

e

R ‘. .

Sl cell:s

- ¥ > =
Vi ) . <
.i - I'
- ."

ﬁTb,gtart with'lt was essentidl to fabr;cate 8 suitable- .

-

ééli’ f the suitable dxmensions. ‘The cell used "in  this.
- investxgatxons was 4abricated in our laboratory and 15 shown :.

in 419. 5 I(a,b).

. ,
- » ¢ . L -
. I

:--‘;"“ It consists of two test tubes, one hard glass test tube

- oﬁ-the inher diameter 2 7. cm and length 7 cm. annroxlmatelv.'

.. .
P '-x

el 0 and other nrdinary test tubes of the inner diameter 1 5 cé'

.....

. .

Q;;:, : ahd !enqth 12 cm, - The tubeswere connected by means of a
. ﬁﬁﬂfﬁn'cébmllarv whgse dxametér equals approximately 8.5 cm. - This

LT Hdshaped assemh]v was 4itted in_a copper pot of a suitable

--:Ebifﬂ; 51ze; A winddw of dimensxons 2.%x 0. 5 cm'"ﬁés ‘made far’

llfumxnatio fa{ the ohotaelﬁctrodh.

The’ FEC ceix was ‘constructed by empluying the CdS and
: f’ CdS:Sb sampfgs as a phntoelectrude. a mixture of 1M 'NaOH-1M - -

;p;' NaZSr—lﬁ S‘as an electrulyte and a sensxtlsed qraphxte rod

f";EL_-*as_xfa .. counter o electrode. The dxstance " petween a

'}ﬁ;ﬁﬁ:_ photoelectrode and a'cuunter electrade was oi the order of

fj' {f‘m 3 cm.' A rubber cork was used ¥or air t;ghtenzng .nf fﬁe'

“.%Q: . cell and to SUpport the counter and nhotoelectrodes.' The
--w;, acttve area~ of the'éample was de%xned by a comﬁqn epbxv

"--(esxn,‘ The sensxtisatxon 0f a counter electrode -was

,Q§;“_mgﬁﬁfééted Ea‘pqs treatment before use in. PEC cell..
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. 9.2.2 Measurements on PEC cell :

The various measurement techniques employed in order to
,thar;Fterige PEC cell are as under : .

a)l Naturg.pf contact bét&een CdS/CdS:Sb.}nd substré%e':

The ' nature of contact betweeﬁ the. CdS

-mgﬁgrii%,‘énd stainless steel was ‘examined.  The

) .t_sémaié on substrate was mquﬁ%ed bétwéen-twb éopner

'bk?ﬁsbiﬂcdnﬁacts; One contact was -presse& on

. gfqinléBS'steel (film on this end Qas’removed) while

-*ééGEQ‘ éaé:‘b?eésed directly on the £ilm. Press
' Ebﬁtacis‘ﬁere made t%qht by a screﬁ grrangement. ‘An
._fsgpqriﬁkntal arrangement for this 1s more or less
“:;imilédf'go the conductivity measuring unit. A

-variaSIE pdtent;al was applieq ac*oss’ghe_sampkg-and
éufceﬁé:ifur eachlénnlied potential was m;asyred as
;ﬁéscribea earlier. The necessary garé was taken for

‘the insulation between the sample and the conducting

surfaces of the unit. . - S

b)) Eléctrieal and bptical studies on a PéC cell-:
; . o besign and contructional details 04.5 PEC,
.ééil dré outlined in section 5.2.1. The-'elect;ical
: prcberéies of the PEC cell can tell us "about the
ahs;ge . traneier pProcoss acrégg the electrode-
.electrolyte ‘interface. In view of this, current;
voltage characteristic in darb, power output curve,

photo.- and spectral responses were studied. This?

section gives the informations. about = the



:-{z Tﬂ' :l :"' '-@néeriemntal arrangements for both electrical ;BH ‘
n Y optzcal‘studxes of the PEC cells. '
S T ‘ ii=¥ Ty £) Enperiméntal for électrical properties t
s .?:&"t'?_'*: {x~;f ,:";f' 3‘1 The-circuxtrv as shown In Fig..S 2 waé
%.;;:%?.#ﬁ:;wtxgﬁg:iﬂ; used to ;tudy both 1-V and C-v measurments. The
-'{?fft'QCJ f.}':;xggig‘applied junction potential was»var;ed with a 102
cee e L R R ’
‘f:%”;“%;{;gg»“ﬁﬁjfiﬁﬁﬁéurn Inslpotentzometer gnd was_'nqted with .a:
:i:fi;}ésif;?fi';éf*i:'Aéréhxc;'~3 172 digit, voltmeter. The- current
‘T;q. }??i:::;}‘:‘ ‘4lowing.through the junction was noted with a HIL
;gi”’;:af:{”.;T, : 2665,';“4 1/2 dzgit'current meter. The cgll was
;iﬁfiéz;:;Tfifiué“:éé*‘ilbumxnated through a wxndow by means of a 256&
' i?# . 1 ﬁ'ggig .;ép care was taken agalhst hea%xng of th?.
L :]j;;éigj (water: fx]ter wam.xntgééaagﬂ between the
: - \ "a'nd" a,celn. " The c—v;'.n;eésu}r'e«ﬁent w.-;\gs
‘ = bﬁ:-;;f-}: .carried uut (vs SCE) under reverse’ b1as;ng o# the
;isékfatliz“i};,:?:?:.5U5C£1°ﬂ by ‘using the same cxrcuit as above. The

N .
_”.‘differentxal capacxtance ‘was measured bv a Ap}ab~

[¥

:'.-. . P ’

-;freuuencv “and an a.c. voltage o# [ volt _peak to

Exnerlemental for uptlcal propertles i,

.
» - .
N . . N
() "-
I
-

i curfent .and open circuit voltagE" for- different

1ntensitles ‘0f illumination were carr;ed out,

The 111um1nat1on was measured thh a dlgxtal lus

~ PR

i‘491l, Capacatance meter at a super;mposed 1KHz -

- The measurements of a short ' circuit.

oo meter -LXﬁ}UL (Lutron, Taiwan). The sne;tral.

e ,‘résponse. of a cell was recorded - by .using a

-






SR ' . T L .};fl

- "guectro photometer (dquspectronzc, 20 D, Miltéh“

- ':‘and ROY, USA) in the wavelength range 4@0 nm to.
;3"“_“‘;1j‘_ .:..;nmmw nm.

~

J;A nhotnqraph of an experxmental set up is shown

wt ." . .... .‘-’ . ' in flg 5 3. 4 .
. .'5,3 . Resuylts"and Discussion : o

SRS TTE i S el . )

) "“‘ et .---'.; s .

zymx{”"j' The studies ‘so 4ar avallable in the lxterature shbw
L :.":__--_': .:-I' ':"‘\ " * . )
"gepylﬁ_h‘“-thgt thd hexposure ‘of a n-CdS: uhotoelectrode to ‘an

.'.’l-::""---v.. -"' .“:'_.' L . )

";;”~{;u:n-electroxyte solutian drast;cally de:rnases the performance‘f

:fi'. 'ﬂdf' ‘a PEC cell._ These studies coupled w;th - some other
i-:§;"¥ﬁf.' expérfmental ubserVationq made us clear that' the ‘method  of

Lot ) preparatlbn f&? the material wiLl not vyield 'satis¥actnry~

. _.:,-.

Eﬁgw}‘_ résults 1nva reproduciable fashion. Apparéhtly crystalfites

-l_-‘,.

S {f of certa;n dimensxons are necessary for the preparation of

. L3
. LR %,
Y LIRS ’

photbactxve .919ctrodes. The X-ray d1¥¥ractzon and outléai;

P .. ®
-t . et .
Lo,

. :mlcroscopv have shown that the films of n~Cd5 prepared 'by

,;" ‘Tf; various tééhn;que;consist of small crvstall;tes which are

Tae
_..‘ -

: 'ndt su#f;cient to absorbe all the xncxdent nhotcns. Thus it

is préper.to,sav -that the grain size should be large enough

. 2 -.-'.;

comna red with optucal ahgorptxon deth 105! . Thera*ore in

Yﬁf*;}':;thiz wark wiz heve used pulycrystﬂ)l;ne CdS thin Iilm as. one

_.,fl"l"ﬁEfp¢ the actlve elctrodéSto form a nhntoelectrochemxcal cell. "
: ;"i;',‘ - e o "o
LWl Ups sthe nature of ‘contact between the substrate and the
E'“fff' .-.'6é€eéiéiﬂ plays ".ah important role in determining the
Bt N ) .
? S e efficiency . of conversion, the nature of contact - between -



.,
et ta -

. directions !IB&.. ‘. In practice a contact Is assumed to ‘be -

T 4iq. 5.4;'

1.

- - CdS/CdB1Sb and stainless steel was tested as explained in..

the previods?section. For an efficient performance of a PEC -

’7-derce ‘the. contact between the film nhotueLectade " and the:

-substrate .shauld be ohmic., A conta:t is sald to’ be ohm;c.

z# it is nnn—in:ectinq and .Has a linear I»V relat;on in both

'ohmic., £$ voltage drop across it in either direction is
:negLigiblez cehpared to that across ghe device, and Héﬁ;é:
-;Hdes not perturb sxgnx#icantly xhe device berformaecef.f
?Actuallv the linearxtv of contact I-V "reiationshib :ie

1;therefore not meortant i¥ the voltaqe -é gmall, %he.

-~ - ;"

:nature of contact between CdS and stainless steel was

" P b ‘.:‘

'*ekamxned._"»Thef'eQULlibrlum current potential relatior,

L

=§:bértain1hg tb the hature of contact is Jound to be lineh;

:iand symmetri:— *or .both types of. po]arlty. This suggests

that the wdrk %unction of Cd5/CdS:5b is greater than that o+.
'll

=fthe con&act- mater:al :a. 45.93,95.1@7.. The -bands bend

;downward at the surface, and an accumulafipn'reqiqn which is'
:‘é..;eservzor u&lmaJorlty carriers 'i{s formed. The._contag%'
,fo##ers"a litt}euresistance-to the flow of" cueﬁent "tﬁrough
~"..',the semxcunductor mﬂterxal for the moderate applied voltaqe

njof either polarity.

LI

Jn our case the contact reslstance is of the erder of a

--#eu ohme.f: The equilibrium 1-v characterlstic ¥or' the

. contact betWeen CdS/CdS:58b and stainless steel is shown in

135



. . . - . "
> . -
- - . .
k4 . - -
N . - »
- = -
- "
. . N . b .
. . = - . . 4 . .t -
.
.. 0 I ’ . -
LY 3 * *
) .
- N . ., - . . .
- - » - 14 = >
. v . * v - a
b s - LI - . .
Pl " . . v . .
. ;
. LY . -
-
. . . . ] - .
: o.
.
A
.
. i
. )
.
.

o‘ i '. . .- "
Ol . 0oz .
'/ (volts) '

. .. N

{ Natire of (contact betweén CdS/CdS:Sb and -

. B .. .. stainléss steel, : -
. .. . e i
. 4 ‘
TN - . . D .
EE . . .
. " * -
L . e N - ' .
et * >
.
- - *
' = -
. .
- s .
.
. - . H . . . .
- - v o, - ‘
R IR . - . .
e, M v . . - -
- ...‘ ~ . . N « .
- L . . . - i
R i . ) )
. . L. <& . h
. .
- ,e "L P .
. A L LA ! .- . . . .
- s - A -
. ™ . -
3 .
PR - - - v L4 -
- - ’ v - -
DR » M) . N
P e I .t - - .
.t . - - *
. . e . . PR . N * " ‘e
. - . s ¥ s - .
N . . . . . . . - .
N - : ) -
» . P . K . * * moe



137

F.3.1 Electrical Properties :

aAn plectrolvic/semiconduc tor inter face prapert.ies

namely, current voltage characterastic in dark, capacitance

‘'voltage characteristic in dark, ‘and current valtage

characteristic - under lighted condition have beeh considered

in this section.

a). QuFféhfuvolt;ge'characteristics in dark :
: ’ .%h? cu;rent voltage characteristics ih dark qf th;-
" PEC" jtelj; _-consisting, of CdS and . CdS:S5b  active
pHotoekgctr;ées-havae‘been studied. It is seen that the
vdltégag:-éalled a5-the.dark voltqqe.‘VD; and curr9h£
calledggé‘thé.géﬁk current, Ip. are generated in all the
4_;911;2“.Tﬁéypolarity.04 dark'voltaée is negativé-towards

T CUS/CdGISh . photarlectrode. and  positive  towards  the

":'&odnter electrode. The origin of dark voltage can be

' éséribed‘.fo the difference in two half cell potentials
in a PEC cell which are related as {95!. .
. E £ E n-cds/Cds:Sb ~Ecarbon cee (5.1
where " En-cds/CdS:Sp  and Ecarbon ‘a_r'e- the half cell

‘.potentials developed when CdS/CdS:Sb- photoelectotrode

-

and ga?bén':counter electrode are- immersed into an
elgétqé}yté. %Fo& tﬁé observed polarity of the' voltégé
it.igzééén,that: |

h '-En-CdS/tdS:;Sb < Ecarbon cee (5.2
The existence of a dark current, Ip, in a cell suggests

that  there {is- some deterioration of the active

pHotoelectrode material in dark., 1n order to understand



G 138
the  -charge tranéfer Process - across. tHer
semicondhétor{eiect;olyte  inten4ace.' the qynamic I-v -
curvee ' have been #urther analysed. It has'-eeen that
.¥orward current jncreasee fap;dly wath the applled bias

R '.voltage. .~ The increase in Fnrward'current is due to a

small coﬁtact barrier. height and an’ increase in.possible

: ;{ L o . ‘.tunnwlan mechanxsm o8, 109!, The'fu#rﬁhﬁ in reverse
.rj:i :L }\x} bzas cbnd;txon does not saturate but'ancreases with an .
?w;\'. . E‘Ifapplted vnltage;' Followina are Dossxble reasons :1mei_i
': éﬁf?" ::; .“t) The e?#ectxve barrier height éig gecrease54 because
‘?Q}GQ'-;;;:}E.&Q¥ the :;hterfacxal layér ii) Electron-tole Jpainsh'are
: f ?c;i::f“f'ithe;nell; .generated in  the depletjon :rEQipn_ of -the .
e ":'f;zi';gemjtonductnr iunner high reversn hlae -conﬂitinn} and:

el '111) The current increaees dpe to “the'ﬁdneet‘ 54- an
':”{;"- -l _electron in;ectzon .from the electrolyte into  the

LR S N Tsemicanductor ' because the barrier becomes thin enough

" ..}f-t-'tunnelinq to take place. The nature 0f the I-v -

~ b - L
. - v - PN 3

1{: urve Ean be explaxned on - the basis 04 the nature 04 the

}{;-.eﬂ L, ‘cﬁarge Htransfer mechanism defined by  a Butden—Volmer-"

‘_“ ) B relatzon -as 1601 . ‘ .

I 7[exp(1 B)VF exp( BV F) D s
R 3"32".Nhere. Io is the equilibr;um exchange current denszty.uP
'}fifli " L-t S X the ,ymmetrv factor, V 15 the over wo}taqe. R is the"
5: . universal gas constant and F is the Faraday 'constant.

v

U and T is the- absolute temperature.

. “,’f*; L WHen P --G 5. ‘eaqn (5 3) becomes :

B ? ;.Lxs.éf -
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and is further expressed as

I=31, sinh ( EV ‘
. ZRT ees$S5.3)
fhé, I vs sinh V curve is symmetrical aéd .a symmetry
factor of" m.5_corresponding to a- svm;etrical barrier
viefd; a 'symmetrical 1 v8 V curves. This means that .
'intér#acg ) Epnnot rectify a- pe;iodicaily —varying Lo
éqéénkial énd/p} current.

’”'%f -P: ¥ @.5 then I Vs V currve w;uld not be
sy&metricsl-aqd the-interfacé has rectifying pronertiesa
"cglféa. 535_ Faradaic rectification 1601 . The
6om;;mmetf;cai ﬁat&ré oé the [-V cu}ve in the forward

ad&.ffeverbeibgas.Q6n4iquratioﬁs Show Lhat the junrtion
formed in 411 these PEC cells is rectifying and is
.Pnalbgauéjto a Schottky barrier junctian. ‘The values of

R D]

“Junc tion 6unif€v factor in dark (hd). for all the cel)
configurations " are evaluated from.the log I vs V
yacia%ion in response to a schottky diode. equation for
'tﬁe semicoﬁdﬁctor elect;dlvte inter#aqé. The variatiun
.:éft iég'l_vs V is a straight line anﬂ';s shown in fig.
. sts'for {éu?:tvpicél cells. . The maénitude of njcan’ be
'éeté;mihég: 4;6m high voltage region of this plot. The
v_‘alg;as 'of' r'wd.lx:es in the range from 2.17 to-2.72. It '.is_
seern ‘that all the, values of dark quality ‘factor '-ar_e
gfeéter than unity which indicates that the junctions
ar; ﬁég-ideal. The deviation of Ql&rbm uniby .Qﬁggests

that :Ehe dark I-V characteristics are often influenced

‘by recombination mechanism and series.resistance effects
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. Fig. 5 6

-

S '-5-.-, - ot - o020 030  obo
IO Voltage (V) - —

Variation of log I vs. V for the cells fprmed with
.+ different. photoeldctrodes :

. B

“11 @ ~ pure CdS.(2) O ~ 0. 005 wt$ CdS Sb .
3) ® - 0. 075 wt§ Cds:Sb and (4) X - 0 25 wtf. CdS Sb

28

. 1000. | -1

=

Determination of barrier height [ﬁ ] for vérious cell ’

oonﬁguration

--1) s-pure Cds (2) O - 0.005 wt% CdSSb .o
3) e - 0 075 Wt% Cds: Sb (4) x - 0.25 wt% CdS Sb

. h W e whe menm—— - TR
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The barrier height for different cell

141

configurations have- been determined by measuring the .

reverse saturation current at different temperature for:

a #ixed applied voltage. Fur a :Schoﬁtkv barrier -

Junctxon.- the reverse saturatxon current 1. is related -

to the buxlt xn potentlal 9‘ as

I fﬁ—z exp- ("f/KT) L cs-..en

.where A*is Richardson s constant and }f is the barrier

-

both.3§em;conduttor—metal and semiconductor=electrolyte

.juqctions'are identica] to each other éné hence equation

of S-M- junction have been applied to S-E Jjunction 'hy

many -workers (111,112,

The ,reverse. saturation current is observed .to vary

exponentxally with temperature. The variation of

he;ght at equilxbrxum. The enerqy level diagram for

qu- (Iosz) vs 1/T far three typical cells is ahown in

4ig.. 5.&. ' The slope of this glot glves built—in

po_tenti,e'\l _(¢ ).
.- 8
Capacitance-Voltage characteristics in-dark 1
The electrode/electrolyte interface.can further be
meaéurément of a space charge capacitance., It gives a
correlation between charge density and electrostatic

patential.: Sincé the electrostatic potential cannot be

measured directly the most valuable information can be

. andlysed to obtain the flat band potential - by the.



T e obtained from the capacitance measurement of . a space

uharde layer. " Thus the measurement of difienentief

. -sdece_ charge layer capacitance prodides a convenient

tool: for obtaining the. useful .informations about both

1;{_€-T ff"'“Eapacxtan:e corresponds to the sem;condu:tor ‘Heple%innai.
r-:.i ?.-lay;}, slnce.the capacitances due to Helmholtz and Beur".
fgf;”-:f_fiét_ d1ifhsed lavers are ‘assumed negl;qible due .o high ionic
{;kaf -x;ﬂ=“:-COncentration of an electrulytp. . The capacitance. iﬁ
‘?.ﬁ __‘“_ {iﬂf;related tn volteqa as '45 113-. e t .
VR o T a :2 . - :
SR L= 1_e,e, [V “Veu- T] BT

where. Es is & dielectric constant of a8 semiconductor,

°

':1%; P “-,band pontential.
ST T The measurement of. capa:xtance vs electrdde potential
PO ﬁf -“-*':' (vs' SCE) was performed ‘as explaxned in the above-

section. ‘u?he capacitance is fnund decreased with

Degeliol e s intreased ‘electrode potential. The.bet~5chotth plots
?in{'-'?:f:“ are éonstructed from these observat;ons and are “shown. in
'%i;_{':{;{ NE fig.f 5 7. It has been found that the varlation of C

ve V (SFE) deviates from the linenr behaviour at high

FeE e 0T hon-uniform d.c. current distribution (owing to an edge .

142

'Tthe55 semiconduc tor, and an electrql#te.' For the -

semicdndﬁcfor electrolyte sular cefls.f the 'nbsserveg"

}3€° 15 permittiv;ty of the &ree space, ND is the carr;er .

< denszey and V-xs the applied voltage, Vsp is tne flat

-P -

T applzed reverse‘ voltages. The non~11nearity is an .’
indzcative of the graded type of junction ‘45 67 114},

The departure from an ideal behaviour’ has been caused by ]

-y

a7



-;%;: L IR
- S . "
Nx - .
a9 I .
% S S
° Aok L A
. 33 .-V$ ) SCE) —-—._.4‘ " .. -._. .-, - ..
8:18.7 ¢ Moté-Schottky plts for four typical cells forusd with| - :
‘. .. .Photoelectrodes . : - S ' ]
R § [ I pure 'CdS' (2) O - 0.01 wty Cds:Sb. . : .
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effect, non planar interface, surface roughness etc).

the presence of both types of impurities, ionic

absorption on the surface of the semiconductor material"

and partly to * the surface states. (&7,114!,

' Eéirapoiatfgn.b( €™? vs V plot to the voltage axis gives
‘the mabgitudé of the flat band potential, Vip. Varioq?-
'Vfb”sb are . {istgd in ta?le 5.1. Since Eﬁe V;bﬁ'is a
':measuféldafi ?Ptential ‘which must be appiied to the
;ﬂééﬁicgﬁaucé&f;ﬁgqth that the bands remain fiat at the

. ¥ interface, -'the V¢, ‘determines the amount of  band

bendifig:

" ') Current’voltage characteristics in light :

ll"‘

v
4 -

.The* photoveltaic power cutput curves were recorded under

{;1@@ mﬂ/cmz'by:means of a variable D.C. power supply and

a;e' sﬁéwn“ini§ig. 5.8. When a PEC cell is ‘irradiated,

"the -tprreﬁt:wvoftage characteristic shifts in fourth

-

., _hu%dranf:'ihuq indicating a generator of an’~ electricity:

whiéh is in accordance with the standard . principles- of

the PEC cells !115i.. It has been found that under

',uﬁbiéseq, condition the photoelec trode becomes more and

more -Hégativelxhpon illumination showing that . the

material is m-type !116!. This is in accordance with

the _;éﬁéervatipnl on l thermoelectric power., The
qéne?atjon.cf A pﬁotavnltaqe and a photocurrent property
- o; a Shotoeiect;ochemical cell can be dnderstoad from
the eqhi#algnt’;ircuit af a cell, An vauivalent circuig

of a PEC cell is shown in fig. 5.9. The photocurrent is

144
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.-Cells:

1] e - pure “Cds (2) O-- 0.01 wt% CdS:Sb .

31 A -0 05-wt§ .CdS:Sb (4) ® - 0,075 Wt CdS Sb ‘and
SI x 0 1 wt. % Cds: Sb

L
r s

|:Fig-

S [ 1

§:9 s The equivalent circuit of a PEC cell.

Phofbvoltaic power out put curves for five typicalf

N _-__1.-45:
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repwesenied by a current source. The forward current of

a junct;on in dark is lg. the series resistance of a

. _ﬁelr_ is. represented by a fixed lumped resistance, Rg

R
-

e

LT B KT Ine Ige

o Lllumlhétlon can be given as 1125,

which arises -from the bulk resistante of ..a material’

:35:834m The back contact of a ce]l‘is considér@d to be

*

'_tu ﬁhe fhow éf current. The shuntxng ,ef{ect through

v ‘ PR
;l .,

mzcrc pores and alonq the- edges of the Dhotnalectrode is

P

.&{x,shQWn‘ as Rsh .83-." R_ is thE'goad resistance to the

'r-'

146

cell snd Voﬁﬂis ‘the ‘open circuit voltageaobtéinab]e'frém'

. ’ .

'xa ceil. Ne :un%xder the Schottky.diode equation for the -

_.-. -

5/E*£nter¢dca.and thus the total currént of g'cel} under;'

-

.s -
FAIEIN

~ ) V : |
..I ]’ - o:.h.-»-'f I[&tf’(“ o ) 5:». L s.gh

. . .
. - & F . . ~
- - . .

‘1; -
.

'where, rL is the photbcurrent, xd is the dark cuérent, R

ﬁj;'applxed valtaqae. As Rgp Fnr thé.celllls expected to be

.

'“Idm.ls the reverse saturation current _andﬁnv :is' the

verv high Voc’Rsh is meananless and equatior (5.8).

-

T) 1] ;' 'c's.q)_

takes the farm asks'

I IL \'_exP(

Far 'blas vultages exceedxng 3KT/q.one can’ also -neglect

condztan IL-_? 14. and V=V°é, thus .- rearrangement Of
'equaglop yields to. 112,45},

. .

[/ L___ -..‘5.1@)'
c'.'.'. ' 1 1o .

-,'Hlasb term in eduat10n(5 9) Mgreover. at qpen circuit

-3
-

-ohmic and the electrnlyte ‘offers a neglxgible resxstance f

L
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At short circuit condition, voc =g and -

ces(S5,11)

The power cubput curves can be reporduééd and the"
d1fferent cell parameters 5uch .as.series resxstance {Rib: "
sﬁunt resistance (R”,). §ill factor 1#}). and energv”'

:gonversiop efiicien;y'(q) are cpmputed?an are listed iﬁ;

table S.1.,°

at

;},5,352 dqtgtai]piupefties. . TR

Trw o

~:, - The three majur outical features studied. for all the
“ﬂcell tructures ares photoresponse, spectral response and

sneed u§ response.

a) Photoresponse

«
e -

- This is thé denendencp af short circuit EurrPnL 1 e and

':-' : open circu;t voltage. chon 111um1natxon lxght level. F.
S This 15 dep1cted in’ #ig. 5.18. The photocurrent, I, is
¥QUnd ta have a dxrect bearing.on ﬁ_ 4cr 1ow.. level of

LiIUminat;on.and obeys the linear relation_as 12814 .

ee (3.12)

where- C = cConstant of propovtionality which depends on
'the';ra;tipn of light utilised for the ggnerétion of thé
-6umbeé of cafrigrs.
.For. higher;exciiétjon levels Hk deviates a  litle from
linearity which_can be ascribed to the series resistan:él
éifect.Thé' photoelectrochemical reactions at the

sem;conductor;eléctrolyte interface can be observed if



. Fig 5.10 Variation q! Voc and Isculith intansitb £ mumination (F)

v -

- Fig 5.11. Determination of lightad quality factor(nL).of PEC junction with
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minority carriers are generated by light abeorption and
finally they can reach the photoelectrode.gur{ace during -
; their. life time. The net current is .therefore,

.dependent . on ‘various competing prd&esées._' The

externéllv measurable current there*ore. 15 a d;f#erence

'between the actual photocurrent and the. fdrward curwent
'”04 the majarity carriers. If the later’ xs_decreaeed to

© .. zero ohlv_phpxocurrent can be observed as :

-IPh= 1 - x,m" , SRR S . S - §

'1

_where.']_f observed total current and I current due to
,:oxxdatxon - reductlon -with eurface stateé.- In,.the\,
'=absence o+ .surface ‘recombination and <fast rate of

_electron trens#er. the photocurrent increases steeply

-

With B r1171
t ,__‘.'..1 ,
. ‘The variation -of Vyo with £ ° shows . (#ig. 5.1@)

eéfuﬁéfion gf:hign light levels which clearly indicates

' ‘that V" depends upon the extent of band bend;ng and - -

a1

-change ‘in the photo-fermilevel of the photoelectrode
ifli?jq‘_For an ideal photovol taic device.the dependence

of Qf'shdbld follow equation (35.1@), whiph defines the

.. 0C

PR

‘movement of Fermi level in the bulk with increasing
‘light intensity. In this case the surface states act as

. ‘recdnbinétion'ceﬁtres-lll?: which cause to saturate the

open circuit voltage resulting into low -fill factor (§+)

and--efficiency (1) 1118!., The photoresponse spectra is

‘further'analyéed to determine the lighted quality factor

of an illuminated junction. The plots of voc vs. In FL

149



- detcay.

are shown in fig. 5.11 for I° <<L< lgc.. The magnitudés'

of "L ran be determined 'frnm the slope of thege plots

and are élightiv smaller than their dfs' .This is in

accordance with the results repo?ted by Deshmukh et.al

1451,

b)- Spectral response : -

The épectral response is an important ‘technique utilised

for - the égtermination of the mode of transition of the -
'éemi;onddcfgrt _ There are some other techniques to

determine " this mode of transition, such  as’

o

) 5ho?bcgndd;£ivity. reflectance, photoemission, intrinsic
.“caﬂdahttvlt%. aptical ahsorpt tong and Elﬂftfﬂfﬂflﬂtranﬂﬁ;
"béwe§;n'ttﬁésg are tedious than that of _the. spectral
.';éépggéb.f:HThe_ regponse- involves the . éeggurépéﬁt:.of

] ‘shér&?ciﬁfuft.curréﬁt with waveleﬁgth.- This is shown in.

41@,'5212149r three PEC cells. Before the measurement,

* the dark current of a cell has been nullified by using a

_‘potehtiometric arrangement as shown . in éhe' fig.. 95.13.

The cell was mounted on a spectrophotométer and shsort

circuit current was measured for various -wavelengths

ranging from 400nm to 1080 nm. .It is observed from the

. response" that the photocurrent decressed both for’

L3

‘ shorter -as well as longer wavelengthg, Photocurrent

-

non—gptimised thickness.ahd transition-.betWeen defect

levels !119:, The decrease in current on shorter

L wavelength side is due to the absorption of light into

on’ ‘longer wavelength side is attributed to the
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-a{t@% remaoval of the light exication is. known ag decaﬁ

. B .
- -y . [

an .electrolyte and presence of surface .recombination

contres and to damages or i1mpyriting in the bulk very

near the surface (119!.. Thus spectral response gives a°

remarkable tonclusion regarding the impedement of the

_ho"l'e ' trensfer across the sagmicond'uctor/e'lec.trolyt:e,.

intér'f_";\c:é; - The spectral response -also gives an

PR

" information regarding the optimal band gap of a material
'Fb}- “an A efficient absorption, éHen Eheoretieal
'ncohsgd;rétion,béing,1l4 eV. In addition to the optimaf
'Bandt dép it "is desirable té use semiconductor with
-difgcg ) ér;étﬁbﬁic' transition . mode. Accord&ng: to
':Ggféé?ﬁ%g:=méqé1 11201 one can gnélvs;:the_ photocurrent

de;v:'s"JZ:ty:,' 'I'P"'-‘-'o{.-a cell near the absorption edge as :

'.-.];h_-,-,.'C(hu_-e_ Eind) (for indirect mode) ' .. (5.14)

.w':. .‘."":.' .o hU - .

and ' . % .

. CChu<EY) o S :

Ipﬁ= - ho (for direct mode) es (3.19)
N wéﬂ Eaﬁl e¥pand I:P‘ equation (5.19) in the parameter
e : 2

hy =-° Ed upto a linear term (in thas case Iphis linear

-fwitﬁ'ho) close to Ey and it vanished at hU = Egy - This

J‘is héio!u} for determining the band gap of thé, material

under. studyi' ." . -

"' .¢) Speed of response 1

the - speed 66-ﬁesponsm characteristic of a PEC cell |is

the rise and decay of Is'cand Voc with time. Time‘.

_'redﬁiréd '#or'lscand vocto decay to its original value

3

timei In the present investigation Vocdecav is studied

.Ch

-

s
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in order to understand the charge 'trénsfer mechanism
across the interface. Most of the role of charge

transport is played by the ions in the electrolyte. Vac
.. . ) ' ¥

decdy #ur*tvwd typical configuratiuhsis shown in  fig."
3. 14. ' Relativelv fast rise and slow decav 15 oﬁgerved
at !@Q mW/cﬁl liqht intensity. I

The dEGaV of von follows the relation of spc'om':!"

1

-order k;net;cs"24: as @

-b ) Ty, l
&Bét) = V (P) t .. . ‘(5 16)

._whé;r:'e voc (—B) and V__{t) are open cxrcu:.t voltages at t=0

oC

ahd'.qt“t-seconds and b is the-rate coﬁstant. Further

Slnﬁ‘ dédav in V‘:can be attrlbuted to the ‘presense of

sur*acae states and hence the Fermllavel ‘pinning.

-
sx

K4

In conclus;on. a photoelectrochemical cell formed
with 7 chemicallv deposited . n~CdS shows .  a  -poor

per#ormance., The major reason is its. high electrical

’ resistivity ﬁaﬁd it - should be decreased .in order to

\ extracb .an expected power output. -Rttemp%s are now 1in

progress to optxmse the mater;al in- various views s&ch

. as thickness 6¥ the photoelctrode, series’ diode type of

‘ celi configuratlon etc.
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Computation of the porformant

e paramsters of a PEC cell

for various compositions of CdS ¢ Sb electr'ong;

LG 1Cell formed

S
g
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wh em wa we oy
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