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3.1 .Introduction

.Now4 -a days thin films' of chalcogenide semiconductors 
•fpund worldwide applications in various fields . of science 
add technology Including solar cells. Solar' cells are 
considered .to be one of the possible al ternatives ...to ‘ the 
..depleting;„! resources' of energy such as fossil, fuels* ' coal,
etc...•. i% the prohibitive cost, of .single crystal, solar

k * .-,'****«

bells, that has:'turned the interest of scientific community
•* * . » *V', % 1 ’ • i . ; *

to- 'the possibility of using the semiconducting' - thin films
. . * ‘ ' * ‘ ' , ‘ •i^hich-.-are; prepared by either the chemical or- the -physical

■methods.Wastage- p.f' material, high cost- per Surf ace'area of
■\ . . ! ' . . • • ■ ■ ...deposition-,..'/instability, deposition -temperature and tedius
and'-.'.typical. .... instrumentation are. few ..of the many

• v '.' \ ■!.- - ■ .' - ••disadva'htages Uo'f . all .the physical methods'. On the oliter
.hand,; sifn.pTe ease o¥ preparation, minimum active materials,' 
tow cost'-,"per . area of deposition and doping -capabilities are.

» i. ’ «
i" i. * i* 1 1 i,‘d'istinct .i;'.''j.siiperiorit'ies . of the chemical methods. The 
4e'micohdMCtor.s which posses an appropriate energy bandgap 
‘deems i:b; , be effective .in photovoltaic energy -conversion.
V r V ( ■*. I •; . * ' *' ■* •

Being-..'an'interiiii-d.iat'e bandgap, semiconductor direct mode of
‘ ■ ■ ■ .

•t-iranaiti-on-|./high-coefficient of absorption, and' stability
against phptodissolution; Cadmium sulphide is a promising
,• *•''>' * * * * , .material- '.in this context. Solar- Cells can. be made • -by the
S[61 id-sol id junctions and also by the - semiconductor—liquid-
junction-, the later- has certain overriding advantages,, such
a's>.junction .formation by merely immersinq the thin films in
’a suitable -electrp'lyte, minimization of a lattice -mismatch,
*•- v thermal" expansion problems and a wide choice and' control



Since theover the . redox potential in solution state.

.photovoltaic properties are the direct consequences of. the 
material. ' properties'^ "the choice lies both -for the 

preparation and characterization techniques for a material.
« • » * * * *

The literature . data shows a large number of preparative

methods for -the- -. deposition o.f cadmium sulphide- both in- 

single crystal and polycrystalline forms, !25-30‘, . 43, '94-'

100!.-. the- * o"pticals to electrical energy conversion-
. . 't « ’ . . 1 ’ .

eff iciehcY'V-uptiTl • reported- is quite belpw * the expectation' 
***** *•/.***-*'•. * * ' * / 
and ‘‘is. ..generally . supposed to be due ter i.ts higher

■' -V''

resistivity;.-' Considering-al 1 the facts into accounts, .we 

have ; planned to- ..deposit the doped and. undooed cadmium 

sulphide '. tjb'i'n' . fi Ims by bur modified chemical deposition 
process - and ’ .‘employed -them to form a photpelectrochemical 

ceils';

Section- .5.2 describes the design fabrication of a PEC 

cell. an'd. the ex per'iemn ta 1. procedure for: same measurements 

.on - '.photberectrochemical cells. These' . experimental 

observations--have been .discussed in section 5.3.
. . _ , / v ' „

3*2 Experimental' Details :

.The • samples,-■ both CdS and CdStSb deposited onto 

stainless steel- substrates were utilised for the
i .

construction of a photoelectrochemical cell. The

experimental Conditions mentioned earlier were adopted while 

depositing- the samples (Chapter IH).



S'<.?.-} Design and-•■fabrication of a photoelectrochemical.CPEC) 
■ -cel 1 s’ *

--"..'To .start with’ it was essential to fabricate a' suitable
* , . *

ce!4-: .of .‘the. suitable. dimensions. .The cell- used in this
■ **». , ' i t

investigations’ was fabricated in pur laboratory’ and is shown 
in fig. S.i'CayBl.
„ • t <■ *

\ It conjsis'ts--bf two test tu.besp one hard glass test’ tube
•of' the. inher diameter ;2.7. cim and length 7 cm. approximately.

and -other."ordinary [test tubes of' the inner diameter 1.5 cm
ahd' /ldngth ■■ 1-2 cmv -The tubes were connected by means of a

capil lary. whose diameter equals approximately 0.5 cm. ■ This 
•%* * ** ’ * * * .

.H-'shaped. assembly., was fitted in. a copper po.t of a suitable
‘size... ■ A.- ’winddVi..' of .dimensions 2.x 0.5 cm- was made for-
JT1'f umi-Weitio'h:;.'o;f;. the oho^o#,lectrode.’ [ .

m \ •- *, I „ ' ■ » , * * »,

" • 'PpC-cel 1 was.'construeted by employing; the CdS and
. "i ■ 11 ' ‘ * * *

. . » ' . . ' * »

CdStSb sampled .as-a phqtoelectrade, a mixture of 1M NaOH-lM 

. Na^Sv'riW.;as .an electrolyte and a .sensitised graphite rod
, i i‘t • " _ * *• ’ f

•as. /a counter. electrode. The distance between a 

- pho toe'let t rode = and a-counter electrode was .of the order of- 

’0.3 'em.' A 'rubber cork was used for air tightening • of the 

cell’ , and. to'Support the counter and ph'o toe lectr odes.- The 

• active area - ,of the 'Sample was defined- by. a common epoxy
■i » *« *,

-resin* -The- sensitisation of a counter electrode 

-subjected to'CoS treatment before use in. PEC cell.. .
• was
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54 Ul Design constituents of a Cell (1) Glass Cell
(2) Copper Pot
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Fig. 5.1 C-b); Fabrication pf a PEC cell shorting 
.P •*'. Photoelectrode 
ECounter electrode 
G - Glass. Cell.
C- Copper pot 
S - Slit ,
St -*■’ Stirrer 
L - Liquid electrolyte.

'T"- Thtifrnd'njfcl'e'^



.1315.2;2 Measurements on PEC cell t

The various measurement techniques employed in order to
characterise PEC cell are as under s

* , 1

a) Nature- pf contact between CdS/CdS:Sb and substrate :
The ' nature of contact between the- CdS 

•material. and stainless steel was examined.' The 
.sample on substrate was mounted between two copper 
press • .contacts. One contact was pressed on 
Stai,n.less-steel (film on this end was' removed> while 

-other was pressed directly on the film. Press 
contacts were made tight by a screw arrangement. An 

'experimental arrangement (or this is more or less 
'• similar' to the conductivity measuring unit. A 
variable potential was applied across the,sample•and 
current-, for each applied potential was measured as 

“described earlier. The necessary care was taken for 
■the insulation between the sample and the conducting 
surfaces of the unit.

b‘> Electrical and Optical studies on a PEC cell*:
Design and contractions! details of a PEC. 

cell are outlined in section 5.2.1. The- electrical 
• properties of the PEC cell can tpll us about the 
Charge tran*. fer process across the electrode- 

.electrolyte interface. In view'of this, current- 
vol-tage characteristic m dark, oower output curve. 
Photo,- and spectral responses were studied. This! 
section gives the informations. about ' the



andenperiemntal arrangements for both electrical 
optical'studies of the PEC cells.

i) Experimental for electrical' properties i ■

' • the circuitry as .shown in fig. .3.2 was 
f. ' us#d. to study both I-V and C-V measurments. The
* V • - v ' . ■.applied * Junction potential was* varied with a 10

--- ■ ' ' ■ ’ ■ . - 
V ,4% \ : * • , t , ' .

■..V-.-.lturh-. ■iWFlpo.tentiometer and was noted with .a 

‘■■•'.•''■J-Agrori-iif^-'l 3 1/2 digit, voltmeter. The- current
-flowing'through the junction was noted with a Hit. 

‘-2665,. -’v-4- 1/2 digit' current meter. The cell was 
-v yi-i tumiri'a.te'd through a window by means of a 2501*1

bulb-., and,care was taken against heating of the
- '»£ M*v: ' • ’ **■fV(rcei l (water ■ fil ter was .interposed between the. *- *• \ . . «

«v* . ~ t \ *; • • •.•‘V i*lamp‘' 'and ‘ cell). .• The C-V .measurement *a©\ .?» • . ■ t •
• . * •* , * . 4>V/-carried- out jtvs.SCE) under reverse* biasing of the
. * 

- •
’junction, by using the same circuit as above. The

‘;1,: .differential capacitance was'measured .by a flplab- 
; . -* v*. ' • . . . '-'49i0L (Capacitance me’ter at a superimposed IKHz

r-: frequency -and an a.c. voltage of i volt peak to
‘peak/ *

ii;)'’ E’xperiemeri'tat. for optical properties *. s.

. y ‘ : . ■ ■. *The measurements of a short ' circuit-
’V . current .and open circuit voltage'- for- different, * * ‘

.■•■'‘..".intensities -of illumination were carried out.
: .'The illumination was-measured with a digital luk 

'*'-•• meter -U(—101 (Lutron, Taiwan). .The spectral 
• , response. of a cell was recorded • -by using a"



Fig. 5.2 : Ail experimental arrangement for electrical characterisation 
of a PEC Cell :

1) Photoelectrode, (2) Counter electrode,
3) Saturated Calomel Electrode (SCE) (4) Electrolyte

Fig. 5.3 : Photograph of the experimental setup for spectral response 
of a PEC Cell :

1) Spectrophotometer (2) PEC cell (3) Wavelength Monitor
4) Wavelength (nm), (5) Set zero and ON/OFf
6) Current meter. ________________________________

.......



spectro photometer (digispectronic, 20 D, Milton, 
and ROY’, USA) in the wavelength range 4‘00 nm to- 
1000 nm.

;A photograph of an experimental set'up' is shown- 
in fig'.'S.3. ■ - .

'5..3 . Results ahd Discussion :

** ‘ / # ’ * % „ t * * > “ (1

. Thej/stud_i.’es , so, far available in the , literature- show 
that* -'.t'Hef; rexposuhe' *of a n-CdS-. pho toe lec-t rode to 'an 
.electrdiy'te', solution drastically ,decreases -the performance

.of !*a . P£C. cell. . -These-studies coupled with some other
» .•

• i * . .'eMp'dr"f<nen-tal;'-. observations made us clear that'the method o-f 
preparation’ for the material will not yield satisfactory 
results irKa- reproduciable fashion. Apparently crystallites 

‘of certain dimensions are necessary for the,preparation of 
phdtoact'ive-.-^electrodes. The X-ray diffraction and optical. 
mirrpscopY.'V^have-shown that the films of n-CdS prepared by

: f ' ivarious ■te6hn-ique$ consist of small crystallites which are 
ndt-. sufficient - to absorbe all the incident photons, -thus it 

i'-s; proper :-to-..say-that .the grain size should be. large enough 
compeared .with optical absorption deth :i‘05!. Therefore in 

iftis'-i.wartt'we Nave used pulycrystaJ1ine CdS thin film as. one 

•pf the active elctrodeS to form a photoelecferochemical cell.

• As - the nature of contact between the substrate and the 
’material-’ plays ’.an important role in determining the 
efficiency of conversion, the nature of contact ;between’:
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'4. ' ‘ '

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

. * ' + •- the previous ‘section. For an efficient performance of a "PEC

. device the. contact between the film photoelectode- ' and the

■substrate..- should be ohmlc.. fl contapt is said to'be ohmic.

V, ** * if it is oon-Jinjacting and -Kasa linear IrV relation- in both

- direction^' 1106J. /..In practice a contact'is assumed td -be .
1 <■ •

- . %* v. •
• ohmic, ■ ...i'f' .voltage drop across it in either direction is 

•■ *# ******* ,**.*. .
negligible,' compared to that across the device, and hence

Y* \
• ddeS' -not pert Orb significantly .t'he device performance.- -.-

*>’ 'i*. r »..
"Actuallyhe '.linearity- of1 contact I-V 'relationship -is

| , *.**•* e ...therefore.-; not-' important. if' the voltage', is email-. The.

/..i* . . *
,. t * , * ,i * nature'.; of - !.c tin tiact between CdS and stainless steel was■ i*, * '• • • ‘ * * •

: • -,’7v ■' •;•';• f • * t ' „ ■ ••e>tiacmi'n'ed>'. '•-The< -equilibrium current potential relation,
* "**".•*-■. , •

-* 'f *-V U ’ ■ *'
i*' ,»'• ‘rr

•* S * ‘ ' #-

."p§r.-tSinihg td. the-hatur'e of contact is found to be linear 
'• ’ «* * ' ,

? -■ ' ~s" • . " • * .
Validsymmetric-’ for-both types of polarity. This suggests

■ • •• • 
that -the .work'function of CdS/CdStSb is greater than that of.
;-■ f

•-• the; -contact- material .'8, 45,93,95,107!. The -bands bend

*T *
• downward a't. the -surface, and an accumulation’ region which is'

! , ,-
. *’“•* ’* » ,

< a • reser’Vior of'Majority carriers is formed. The. contact

..-'of.f.ers a' little--resistance "to the flow of-' current '"'.through

■ , 1. • - .the-semiconductor Material' for the moderate applied . voltage
.** - * ' >•« , \

• of‘either .polarity'.
•' *1 *

/ » 1 * »
* *

■Jn our case the contact resistance is of the order of a
, # * . -

. 1 * * - few' ohm&v*" the equilibrium 1-V characteristic for the

' contact -between C.dS/CdS:Sb and stainless steel is shown in
«* *i •
- V * ,*

./ fc’,'5

i* */ * «

• fig. S'. 4-. ' '

*:'v. i ’ .1 ** * . * 9
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5.3.1 Electrical Properties s

An electro 1 vte/sem icontlue tor interface properties, 
namely, current voltage charge teristic in dark, capacitance 
voltage characteristic in dark, and current voltage 
characteristic under lighted condition have beeh considered 
in 'this section.

a) Curreht .vol tage characteristics in dark :
. ! . * ’ ' w i " 1 ,

The current voltage characteristics in dark of the 
PEC "cells . .consisting, of CdS and - CdSsSb active
photoelectrodes- havae been studied. It is seen that the 
vdltagae --cal led as the dark voltage, Vp, and current 
cal led.as thte dark current. Ip, are generated in all the 

'■cells. ' The'polarity of dark voltage is negative towards 
' CdS/CdS.lSli. photon] pc trade. and positive - towards the 
counter el.ec.trode. The origin of dark voltage can be 

' ascribed to the difference in two half cell potentials 
in a PEp"ce.l 1 which are related as !9SI. .

- E = E..n-CdS/CdSsSb "Ecarbon <5.1>
where En-Cds/CdSsSb and Ecarbon are- half cell
.-potentials developed when CdS/CdS:Sb - photoelec tot rode 
and carbon' counter electrode are- immersed into an

. * ' * v * • , • •
electrolyte. From the observed polarity.of the voltage 
it. is-seen .that-;

'-•Sn-CdS/CdSsSb K Ecarbon ••• <»■?>
The existence of a dark current. Ip, in a cell suggests 
that there is- some deterioration of the active •’ 
photoelectrode material in dark. In order to understand
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N >»* ..
' » > * . I1 , W . -

*,* \* *m 
?'! », t V

* ’ ’ .. K *’ *

*■ '* *,. . * *,t

« , ; * *t*

• the -charge transfer process across. the 
semicond'uctor/el'ectrolyte interface, • the dynamic I-V 

curves have been -further anaJysed. It has -been tha.t 

forward current increases **apidly with the applied bias' 

-.voltage. The increase in forward- current' is due to a 

small contact barrier, height and an'increase in.possible 

. tunneling- Mechanism ! 108,109!, The cu-rrdht. in reverse 
, bia's 'condition'does not saturate but ihfcreases with an 

i applied'--y,ol-tage. ‘ Following are possible-reasons !108!.

• i) " The-ef-fectiye barrier height decreases., because
■of -ithe ihterfacial layer ii) Electron-hole ‘ pairs are.

**' ’ ,v- ■ ? .' ‘‘ ,. , , ■ t

thermal ly "-.genera'tecf in the depletion region of the
semi;(ronducior under high reverse h.i.a$ condition', and- 

’ i-ii) .' '.thecurrent increases due to the - onset 'of- an 

electron--- ..injection ..from the electrolyte into the 
'.-semiconductor ' because the barrier becomes thin enough 
-for'^ .'"tunne.ling to take place. -The nature of the I-V

^ i * * i i

curve-dan'be explained on-the basis of' the nature of the 

'.charge'*-transfer mechanism" defined by" a But-1 er-Volmer- 

relation-as 160!'. -

I.=T.[exp(ivp)yf_ exp(;-;PVT)~
• RT -*

.. (.5.3 >'

.Where;' to -i* the equilibrium .exchange "current density, -J3 

is- the-"Symmetry fa'ctor, V is the over -voi-tage', R is the 

universal gas constant and F is the Faraday constant, 
and T' is the'absolute temperature.
When 'P --0.5,-eqn <5.3) becomes :



and is further expressed as

mi ^cik)
The . I vs s'inh V curve is symmetrical and a symmetry 
factor of 0.5 corresponding to a- symmetrical barrier 
yields a -symmetrical I vS V curves.' This means that 
interface cannot rectify a' periodically varying 
potential and/or current.

.If p. # 0.5 then I Vs V currve would not be
symmetrical and the interface has rectifying properties 
called . “as. Faradaic rectification .’60!. The
nonsymmetric&l nature of. the I-V curve in the forward 
and .'reverse-‘bias .Configurations Show that the* junr t ion 

formed in' all these PEC cells is rectifying and is 
- analogous .'.to a Schottky barrier junction. The values of 

’ junction qualify factor in dark (ng), for n-l I the cell 
configurations ' are evaluated from . the log I vs V 
variation in response'to a schottky diode-equation for 

• the semiconductor electrolyte interface. The variation 
.-df log I vs V is a straight line and is shown in .fig.' 

. 5i5' f-or four typical cells. .. The magnitude of njcan" be 
determined- from high voltage region of this plot. The 
values of rylies in the rang# from ?.!? t-o-2.72, It is,

l*

seen that all the, values of dark quality factor are 
greater than unity which indicates that the junctions 
are non—ideal. The deviation of ry from unity .suggests 
that the dark I-V characteristics are often influenced 
by recombination mechanism and series.resistance effects





:45,110!.

The barrier height -for different cell 
configurations have been determined- by measuring the 
reverse saturation current at different temperature for- 
a fixed applied voltage. For a Schottky barrier 
junction,’ • the reverse saturation current I0, is related 
to the built in potential $ as

.. i-ifr2(5-6>
where A*is .Richardson * s constant and flT. is the barrier 

height- at equilibrium. The energy level diagram for 
both, demiconduttoi—metal and semiconductor-^electrolyte 
junctions are identical to each other and hence equation 
of S-M- junction have been applied to S-E junction by 
manV;-workers 1111,112:.

The .reverse, saturation current is observed .to vary
i "

exponentially with temperature. The variation of 
2 ■loq. <I0/T ) vs i/T for three typical cells is shown in 

fig.. 5.6. The slope of this plot gives built-in 
potential r8

Capacit.ance-Vol tage characteristics in’ dar-k t

The electrode/electrolyte interface..can further be 
analysed to obtain the flat band potential *. by the 
measurement of a space charqe capacitance. It gives a 
correlation between charge density and electrostatic 
potential.* Since the electrostatic potential cannot be 
measured directly the most valuable information can be



obtained -from the capacitance measurement of . a space 

charge layer. Thus the measurement o-f differential 

-space charge layer capacitance provides a convenient 

tool- for obtain-inq Hie. useful .informations about both 

•ther- semiconductor. and an electrolyte- For the

semiconductor electrolyte solar cells*' the 'obsserved

capacitance, for responds to the semi-conductor depletion 

layer since the.capacitances due to Helmholtz and Gouy

diffused ■ layer's are assumed negligible due to high ionic- 

fcdncehtra.tion- ' of an electrolyte. .The capacitance, is

re ra tedto.' .vo 1 tage as 145,113!.

' ‘ ” VcJ= _2_^_ [ v-vr - l J <5.7)

.where,- €s: .is’a dielectric constant of a semiconductor, 

v€o..is^ permitt-i.v^ity of the free, space, Nq is the- carrier
*; *'.*,** z • . *

^density . arid' V is the applied vol tage,- Vft, is the flat
‘ *i , . •

bandponteritial.

-The '.'measurement-of• capacitance vs electrode potential 

.<vs'" SCE) ''Was performed as .explained in the above- 

.sections- .The capacitance is found decreased with 

increased-electrode potential,. The Mott-Schotfcky . plots'

'ar&’'Constructed.-from these observations and are shown, in 

fig..' 5.7. It Has been found that the variation of C ^ 

vs -M- <SCE> deviates from the linear .behaviour at high 

applied; reverse- voltages. The non-linearity . is an 

'indicative of the graded type of junction ! 45,67,114-i,. 

The departure, fr-om an ideal- behaviour'has been caused by 

nonT-uhiform d.c. current distribution (owing to- an edge
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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 ;67,114!.
■ *' - .

Extrapolation .of C vs V plot to the voltage axis gives 

the magnitude of the flat band potential, Vfb. Various
if

Vfb's*' are ' -listed in table 5.1. Since the Vxb 'is a 

measure of "■ potential which must be applied to the 

semiconductor .-/such that the bands remain flat at the 

V interface, -'the Vfb determines the amount of band 

bend-ihg

144

Current'vol.fcage characteristics in light s

*• ' * - *

■The-photovoI talc power'output curves were recorded under
■ - 2 * ■. 100 mW/cm by means of a variable D.C. power supply, and 

are' shown in'-fig. 5.8. When a PEC cell is irradiated, 

the current.. voltage characterIstic shifts in fourth 

.iquiadrant. thus indicating a generator of an.' electricity- 

wh-ich is in accordance with the standard, principles- of 

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

unbiased, condition the photoelectrode becomes more and
« *.

’. * * , * \

more negative• upon illumination showing that - the 

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

the ..'.observation's. on thermoelectric power. The' 

generation of a photovoltaqe and a photocurrent property 

of a photoelectrochemical cell can be understood from 

the equivalent'circuit of a cell. An ocmivalent circuit 

of a PEC cell is shown in fig. 5.P. The phcjtocurrent is’
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represented by a current source. The -forward current of.

a junction in dark is Id. .the series resistance ' of a 1

.cell’, is. represented by a fixed lumped resistance, Rs‘

which arises 'from the. bulk resistance o-f ..a material

{45,83!,. T-he back contact of a cel 1 is’ considered to be

•ohmic and the electrolyte offers a negligible resistance

. tb ...the-' .f low.-bf current. The shunting -/effect through•

micro'/ bores' and /along, the .edges of the. photoelectrode is-

•.shoton .583! ... R|_ is the load resistance to the," '

.cel.r’‘and is; the open circuit voltage-'-obtainable' from -.

-a ceiT'.'; We‘jcrohSider' the Sc ho ttky .diode-.equation for the-' • 
* / * * * * " . , .

.S/E'-interface ..and thus the total current of .a'cell under '.
« * '* • f .*** * .,«.»* *

‘illumination can be given as !12!.
• ^ '» • .

-T.-'-T; ^T — « T -X - i )1~ %t
'.*■pTj-—L H ^TfljKT /J ^ ... (3.G)

VherfeV'V.is the photocurrent, 1^ is the dark current,
■ ‘ ' 1 » ' , 1 * • ’ '

is. • the reverse saturation current and V' is' th.e 

'applied yol-tagae. As' RSh for the.celi 'is expected to be 

. very - high, Vofc /RSh is meaningless and equatiori (5.S) .

. takes:-the form asks .

For- ’ bias'voltages exceeding 3KT/c^ one can' also' neglect 

• -last't’ term in epuation (5.9) Moreover, at open c.ircuit 

cbnditi'Qh' l[_• Ij.'and V=voc* thus.- rearrangement of

'•equation yield’s 'to. ! 12,45!.

voc’\f: l"-4^ . . a t5.10>



At short circuit condition, *= a and

I. - I ■ “ I SC ..(5,11)

The power output curves can be reporduced and the ', ‘ tm *\ • ’ ' >4 4
different cell parameters such .as ■ series resistance (R#) - 

■- shunt resistance < >, -fill'factor iff), and energy'1
conversion ef ficiency ■ <r^) are cpmpu-fced'.‘and are listed in- 
tabid* 5.1. '

5.3*2 Optical 'properties. ..

. The three-.major optical featur.es studied, for al l the 

cell structures arei photoresponse, spectral response and 
speed o:f .response., 

a!)*. Photoresponse :•
, t*, ^ »* *

This is the dependence of short circuit cfurrent 1 and• sc
open circuit voltage, voc°n illumination light level, Fjj«. 

... This is* depicted in fig. 5.10. The photociirrent, is 
foUhd_ to have a direct bearing.|Jh far-low., level' of 
il lamination .and obeys the linear relation, as !28!.

Iu . = C.Fb . . . (5.12)
l * • f* , *

where- C * constant of propoYtionality which depends on
the fraction of light utilised for the generation of the. * . ,

■number of carriers.

For higher^excitation levels deviates a . litle from 

linearity which can be ascribed to the series resistance
effect.The photoelectrochemical reactions at the
semiconductor—electrolyte interface can be observed if-
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minority carriers are generated by light absorption and 

finally they can reach the photoelectrode surface during 

their. life time. The net current is .therefore, 

dependent on various competing processes. ' The 

externally measurable current therefore, is a difference 

between 'the actual photocurrent and the-forward current 
"o-f the. majority carriers. If the later’ is’.decreased to 

zero only php.tocurrent can be observed as :

where, '.I, = observed total current and I .current due to 

oxidation reduction with surface states. • In. . the

absence of .surface recombination and fast rate, of 

electron- transfer, the photocurrent increases steeply 
With F^'/. fl 17': '. . ■ . '

The variation of V with -F ' shows , <fig. 5.10>OC L

saturation at. high light levels which c.learly indicates

that' V'm depends upon the extent of band' bending and . OC ■
i* » . ’

change in the photo-fermilevel of the-"-'.'photoelec trod.e-
.!l.i7ji For an ideal photovoltaic device, the dependence

of V^should follow eauation (5.10), which defines the

movement of Fermi level in the .bulk with increasing-

light intensity. In this case the surface states act as

recombination’ centres ■! 117 ! which cause to saturate the

open circuit voltage resulting into low fill factor Iff)

and-efficiency (r^) !118!. The photoresponse spectra is

further analysed to determine the lighted quality factor

of an illuminated junction. The plots o.f V/ vs. In FOC L



are shown in -fig. 5.11 for Ie <« 1^, . The magnitudes’ 
of can be determined •jlynm fhe slope of these plots-

r *

and are slightly smaller than their n^.j. .This* is in 

accordance with the results reported by.Deshmukh et.al 

! 451 ■

b)- Spectral: response s

The Spectral response is an important -technique utilised 

for • the determination of the mode of transition of the * 

semiconduc t'or. There are some other techniques to
. / • t

.determine/' this mode of transition, such as'

. photoconductivity, reflectance, photoemission, intrinsic 

-condyhflvI-ty, optical absorpt .mil electrorwf tantrp,
r * • . .
■. however these are tedious than that of. .the. spectral 

'response., . .The response- involves the - measurement of
i • ‘ . p * *
• > » ■ . 1 •, , . , . t

• short circuit current with wavelength. Thi.s is shown in- 

fig. 5'.12 for three PEC cells. Before the measurement,

V" the :dark current of a cell has been nullified by using a 

potentiometric arrangement as shown-in the’ fig.- 5.13. 
fhe cell was mounted on a spectrophotometer -and shsort 

circuit current was measured for various -wavelengths 

.-ranging’ from 400nm to 1000 nm. It is observed from the 

response- that the photocurrent decreased bbth for' 

shorter as well as longer wavelength^,’ Photacurrerrt
* * N

/' decay, .on’ longer'wavelength side is attributed to the 

non-optimised thickness and transition- between defect 

levels I119J. The ’decrease in current- on shorter
t

wavelength side is due to the absorption of light into
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an .electrolyte and presence of surface '.recombination

Centres and to damages or impurities in th© bulk very
near the surface *119!.. Thus spectral response gives a
remarkable Conclusion regarding the impedement of the.
hdle ' transfer across the semiconductor/e’lec.trolyte..
interface.' The spectral response also gives an

' ’ information regarding the optimal band gap of a material
■for -"an efficient absorption, the, theoretical

. consideration.being. 1.4 eV. In addition to the optimal
' band gap it is desirable to use semiconductor with

,• direct electronic transition mode. According to
. ' . GartmsVr•njdd#l -I 120! one can analyse Uie pholocurrent 
*'»,.**#*,• * ,

• : den.sity:; Ipjj^of-a cel 1 near the absorption edge as s
; <for indirect mode) (5.14)

■’ . v ,, hu

. and i.

Ipj^s (for direct mode) .. (3.15)
9lWe-' can' expand I„of equation (5.15) in the parameter.......^ a.

h*J Ej upto a linear term (in this case Iph is linear
.‘with'h<;) close to Ej and it vanished, at h«tj ?=. E^ . This
is helpful for determining the band gap of the . material

f . , ... *
under, study’i ‘ 

c) • Speed of' response i

the speed of response characteristic of a. PEC cell is 
the rise and decay of I^c and voc with time. Time 

. required for’I^and Voc to decay to its original value 
after removal of the light exication is- known as decay

• • * 4

. In the present investigation V decay is studiedtime',
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in order to understand the charge -.transfer mechanism 
across the interface. Most of the role of charge 
transport is played by the ions in the electrolyte. (
decay for tWO typical configuratiohsis shown in, fig.'

: #
■ . j5.14. Relatively fast rise and slow decay'is observed

• at 1.00 mW/cn^ light intensity.
.The-' decay of tL* follows- the relation of- second

• order kinetics-’ ! 24! as s
Vec(t> = vo£(0) t~b (5.16) ••

. wher& Voc (-0) and vot*t) are open circuit, voltages at t=0
- * , iand’ at., t • seconds and b is therate constant. Further

* * v

sloW' decay, in Vj'can be attributed to the- presense of 
surfacae states and hence the Fermilevel pinning.

In conclusion, a photoelectrochemical cell formed
* ■* 1 .*,* , ' r* , * '

with • chemically deposited. n-CdO &hows . a -poor 
performance. \ The major reason is its. high electrical ' 
resistivity and it • should be decreased .in order to

* extract .an expected power output. Attempts are now in 
progress . to optimse the material in-various views sOch
•as-thicliness Of the photoelctrOde, series diode ‘ type of •

• *. , * » » , «-•

cell configuration etc.
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Tahlg 3.1

Computation of tlw pc?rformonce parameters of a PEC cell 

.for various compositions of CdS t Sb electrodes.

(Slr.lCell formed
JNb,{ ...with
.1 • !phdt6electrode..;,
! (composition

I
• sc(mA/crn1-')" t -

V
oc

,. (mV)
.

«
s .

'<• -a. )
H
sh

( -a.)
ff
V7.

J
• | __
__
__
_ n

d
' n .

. L ‘
J*

■ ■■■ 1

V
. . -4*
volt*

1*1*’
9 • 9 , ,
! M • Pure CdS » » ■ 0.ZS5 180 436 . 1.333 31.3 0.014 2.61 2.60 -0.5i
9 .1

J -2' J0.005 wt*/. CdS:Sb 0.290 184 - - - 2.72 2.60
1 t
: 3 10.01 wt*/. qdS:Sb.• i • . 0.345 ■

I* .
190 377 1.307 41.2 . 0.022 2.32 2.64 -0.5

i, t * . *
: 4 10.025 wt*/. CdSiSb« • . .» ** 0.3*0. 197 - - - - - - -

* 1

5 10.05 wt*/. CdS: SB 0-400 205 300 ' 1-.600 •CD 0.033 2.24 - ' -0.6P
» * » • . •! 6 !0.075 wt*/. CdStSb
« 1 * »

. 0.4«J-
•

0.420
.

220 192 1.714 45.4 ' 0,BW6 2.17 2.97 -0.7»
i a

f 7 ,10.1 wt4/. CdSsSb -

1.. .J
172 200 0.960 .42.2 0.031 2.39 - -0.4*

8 (0.23 wt*/. CdSsSb' > «’ 0.180
# * l • •* »
1 1 * * * ' 1. . '

160
•

.470
1
1

0.830 - - 2.81 2.23
4-----4-- ...-   --- '----- 4— ----^-----4-:---------H---------- 4--------+---------- -r-4------------ 1---------- »•-----—+


