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1.1 @General

Mathematically thain film can be interpreted as one
which |is 'bounded between two parallel planes extending
infinitely in two directions but 1s restricted in its
dimension along the third direction. The restricted third
dimension is termed as the "thickness" of the film and it
may vary irém two to several times the wavelength of light
but always . remains much smaller than the other - two

dimensions.- Thin films can be grouped into two @

i) the continuous films and

ii) the discontinuous films.

.The discontinuous film consists of large number of

"small islands of the materials separated by the small finite

‘distances, the situation generally arises in ultra-thin

films. Due to such discontinuities in thin +films, the
resistivity i1s normally very high and the f;lm shows
negative temperature coefficient of resistance. On the other
hand' film becomes continuous when thickness of the film is
inéreased. aﬁa resistivity of such fi1lm decreases. This
causes thé mean free path of the charge carriers to
decrease which in turn originates from the i1mperfections and
scattering of the carriers at the surface. The surface
scattering invariably influonces the properties of the
continuous film upto the thickness comparable to the mean

free path of the carriers [1-31.



The studies on electrical transport properties of
solids are highly essential to understand various types of
devices. The basisc transport properties are the electrical
conductivity, thermoelectric power, hall coefficient,-

optical studies etc.

1.2 An Overview of Than Film Technology and Solar Cells.

1.2.1 Thin Film Technology 3

The pivotal role of THIN FILM TECHNOLOGY in the
QEvelopment of diverse and challenging +frontiers as
microelectronics, optical coatings and integrated
optics, thin film superconductivaity and quantum

'engineeninq s micromagnetism , metallurgical coatings,
ahd amorphous materials, su}face engineering and sgaolar
energy conygrsion devices is all too well known and is
now recognised as a frontier area of microscience and
microtechnology !4i. New and even more exciting fields
are also emerging. The draivaing {forces behaind the
exploration of the new frontiers are :the exciting
phenomena of microscience associated with loy
dimensional’ micro and nanomaterials and the indystrial

"applications of microscience and microtechnology for the

_development of synthetic materials of tailored
pronertiés +6r VLS51/GSI communication , informatics,
and solar energy conversion . With decreasing size of
active electronic devices, a higher packing density;
higher speed performance.and lower costs are obtained.

-

At the same time with the decrease in active size of
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the materials, geometr}cal and quantum size effeéts
begin to dominate the physical phenomena. These low
dinensional materials exihibit quantization , non
equilibrium electron, phonon, and photon transport

processes, metastable and unstable structures and

surface dominated diffusion and chemical processes.

Uitrathin films are 2-dimensional micromaterials
. 1

which‘ére obtained by one of the established teghniques
4;lling under the headings such as PVD ( Physical
Vapour ﬁéposition). CVDh (Chemical Vapour Deposition),
ECD (Electrochemical Deposition ), or hybrids thereof.
The :films..can be further cut into desired dxmeqsxahs

" and geometry by one or more mxcrolxthogiéphig
:_techniques. éy depositing a radiation sensitive thin
film of én éréanic/inorqanic'resist material, the resiég
i;' exposed through a patterned mask. The chemical
,changes occured as a result of irradiation of the resist
is utklised to micromachine the film by wet or dry
etchiqg- techniques. By using tailored e-beam resists,

maéeriélé and devices of @.1 to 0.2 um or even less are

easily obtained today.

The tailoring of properties of the materials
arises basically, from the numerous inherent
characteristics of nucleation and growth of thin film
and the occurrence of new physical phenomena. The
creation of a matter in a deposition process involves

adsorption, desorption and migration of adatoms,



interaction of adatoms to reach critical nucleation
stage ., lateral and perpendicular growth of nuclei.
sintering and recrystallisation. These processes take
place wunder high sunersaéuration. rapid thermalisation
and nonequilibrium thermodynamic conditions. By varying
deﬁasitqu parameters, one can manipulate one or more of.
Ehese processes to obtain a whole range of structural
hisord;P. microstructure, topographic, aéd gecmetr&cal

) fehtyres; growth anisotropies, forzen-in point,and line

defects and compositional profiless

The ehormous flexibilitv provided by the thin film
growth processes allows the fabrication of desired
qéometridal. topographical, physical, crystallographic,

- and metallurgical “"structures "in two or lesser

»

‘dimensions. The features are . Encreasingly being

exbloited to study the structure sensitive physical ,

mechanical , chemical, and electrochemical properties of

' micromaterials.

[

Aﬁong the properties being studied today 4q;
skqnificaAt applications are l{ Optical gap, 2)
Optical constants and thus reflectance , transmittance
;ﬁd emittance spectra,3) Spatial variation of optical
thick;ess. 4) Anisotropy in structure and properties ,
9) Stoichiomeéric deviations, 6) polymarphic and
metastable structures with useful physical properties ,
7) relaxed solubility v variable composition,

mhlticomponent compounds, and alloys, 8) Spatial



variation of electrical gap and electron transport
parameters, ?) Surface activation and passivation
behaviour, and 10) Surface mechanical tribological
properties. One can design microméterials to give any
desired reflectance/ transmittanée/éhittance spectrum by
using graded composition of two o; more materials. The
.c;n§ergiqp of surface of a number of metals ( so called
"metals” ) having high absorptance in the visible region
o; the .solar spectrum and a high reflectivity in
infrared region represents one of the best examples of a
tailored solar selective surface . A suitable columnar
st;uctu?e of graded mixture ( Cu, CuO , bua 0., thickness
= 1 2m ) obia;ned during the chemical conversion process
eﬁhqpces optical selectivity for very efficient solar
jene}gy conversion,
By controclling the stoichiometric deviations of
J:oxygen -in oxides of Cd , In, Sn etc. and alloys , and
Witﬁ ;u}table dopant impurities , an approximately 9@%L
transparént synthetic , transparent conductors are
pbtained s« Wwhich are being used extensively in several
_thin film solar cells and a number of Sotoelectronlc

devices. Rapid condensation of atoms of many materials

results in the formation of non crystalline structures.

Due to the tetrahedral structure (geometrical,
constraints) rapid deposition of such materials ( Ge,
8i) re§u1t5 in the formation of defects such as wvoids

and. dangling bonds. The defects give rise to



undey'sirable localised states in the band gap of the
material. Incorporation of an impurity such as hydrogen
helps to tie up the dangling bonds in amorphous silicon
and” thus effectively cleans up its dirty Sand gap which
Ean-_be'éoptrolled to increase afqost by a double value
o}‘ ghe.pryétailige silicon. It now becomes possibié - to
'.&opeL‘}suéh "a material to vyield "a" or “p" type
igpﬁdhétiVitvi . This hydrogenated amorphous silicon
.:ﬁiﬁfédakerial_has given birth to a whole new technology

bfijunction,device microelectronics including amorphous

silicon solar cells.

%+ ., .A .combination of Ge with 8 or Se chalcogen,
"sirhctdrally tailored, obliquely deposited amorphous

’Gb~Se(é) alloy films behaves as an inorgénic_palymer. On
"‘tftbqlétion with energatic parti;lés."collapsing of

’ ugvcids:-dtcﬁf and material exihibits radiation induced

aiqqt'cont#action effect. The physical densification is

.";:., “Bccompanied- by large changes in refractive index, shift
u{P.'absorption edge and variety of chemical anhd
6leétrochemical changes.These changes allow generétinn

Cof higﬁ resolution optical memoriés, reprographic’

- v

images and lithographic patterns in submicron range.

The artificial superlattices and éuantum well
structures created by depositing nanometric thin films
of "one or more materials in periodically arranged
.multila;ers provides perhaps the most exciting

tailorability of electron transport phenomena whicp has
'|‘ ~ " o L 4 J
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already opened a new era of synthetic semiconductors and

-

exotic electronic devices.
1.2.2 Solar cells: Photoelectrochemical (PEC) cells :

1n principle solar cell 1s a semiconduc tor deJice

that converts the radient mnergy. into ite electrical

-cqupterbart. Basically the device includes an

.afﬁangement for both sinking and. sourcing of an

electron. When these arrangements are connected
Qége£;e% current flows through the external circuitry.
fﬁéré&ore, it is our prime intention to produce source
of_ele;trons and holes at the consumption of the radient
éngrgv which can be achieved by using the suiltable

semicornductor material as one of the dgéiée elements.

'Whenn a- photon with energy, E > hy, is absorbed an -
,@léectron-hole pair 1s- generated within the

-é;hicdqductar. There is every possibility of _these’

“ @lectrons -and holes to attract and annihilate, ‘however

‘this sithtion demands immediate- separation of an

eleckron and hole. This can be made " possible with
¥6rmatibn of a junction wherein transport of charge
carriers'across the junction give rise to a local +field
;o‘ called "built in Doténtial". Under such
c;rcumst;nces. when a light of energy hy2 Eg, the band-—
bap af a semiconductor, is allowed to incident on this
interfacial layer the generated electron-hole pairs are

separated by this driving interfacial potential. The

schematic showing the separation of e-h pair i1s depicted



in figure’1.! One side of the junction acts as a source

of electrons while the other sink of electrons.

Mankand has redarded sun as the source of life
and ~ energy since time immemorial . With the increasing
eﬁerqy Erisis. man 1s again looking towards the prime

energy' giver the sun. Harnessing solar energy has

_therefore attracted the attention of the scientists,

‘techrologists, economists, sociologists and politicians.

éi; the solar energy converters utilize the radiations

;récgivéd‘~¥rom. the sun, Hence understanding of these
radiations 1s imperative .« The energy. from the sun

‘received on. the earth is a function of number of

-

parameters such as atmospheric absorption, scattering,
'He¥léctidn‘ from the earth surface,. sun’'s position
'relativé to . earth etc. The solar energy-input on the

-eargh”S‘surfgce. therefore, exihibits wide variation. On

the: other hand, the energy received Jjust outsidé the

k)

'éa;thﬂB:atmospherE is practihally constant expressed in

terms of a " Solar Constant " which is defined as_ the

- ené?gy received from the sun per unit area perpendiéular

to the incident solar radiation, in the absence of

earth's atmosphere per unit time at.the earth's mean

-distance from .the sun. The typical wvalue of solar

constant according to the recent estimate 1s between

1368 to 1377 W/mR, The extraterrestrial solar spectrum.

‘referred to as Air Mass Zero (AMD) extends from @.115 um

to  about 1000 uam. The visible region carries about Si%

\
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of the enerqgy useful for photovoltaic converters & rest
of the 497 inf;a red enerqy 1% useful for solar thermal
conversion. The air mase is defined as the ratio of the
actual length traversed wilh the gun at the Zenith
angie. . Because of the curvature of the earth , zenith
angle becomes large and under such circumstances AMg

AMa and '‘AMy are defined.

Thus an efficient and less expensive system for
ufifihing .solar radiationsg is the need . Two distinct
;ypes are ' the solar thermal converters ( uses the
infra red region of the spectrum ) and second, the solar
photoconverters ( uses visible /7 UV region ). In the
first category, incident radiations are converted into

thermal - energy where as second process is the age-old

,photnsynihesis. The photosynthesis ‘includes

photochéhical conversion in non-biological systems and
photovol taic effect or photoexciation of semiconductors.

The various photoconverters are listed in fig. 1.2.

.In electrochemical literature, these cells are

known by host of names such as semiconductor liquid

"junction solar cells, semiconductor -liquid Junction

photovoltaic cells, wet photocells and electrochgmxcal
splar cells or photoelecrochemical (PEC) solar cells are
frequently used names | 5-8!{. The PEC cells have their
origin " in Becquerel effect !9! where 1in an AgCl
electrode and a counter electrode placed'in a4 suitable

electrolyte shows current and voltage in an external
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Fig 1.2 Summary of varions photoconversion devices.
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‘:reVérﬁed'at.the cathode. Thus , there is no net chemxcal.

Eﬁahéé‘iﬁ'the'proceés, ( i.e. AG=0), howeveé y the light

‘photovoltaics. Direct band gap semiconductor materials.

. cirfcuit up on illumination. Much. is now investigated on

tHis subject and several reviews are now appeared in the

literature !5,7,10-12!. The absorption of light in the

PEC 't celis_:cap be used for the production of just

ele:triéal energy without ‘resulting - in
phutoelectralysis. Such cells consist. 04 one effective

redox cbuple and the ux;dat;in rea:t;on at the anode is

T

4

quahta qets converted into equivalent electr;cal enrgy .

In tha ‘case of photoelectrolysis cell there are two

13

effective redox couples and the oxxdatxnn and reduction -

'ﬁeaqtions_ at the photoelectrode and counter electrode

T
“

:‘fére;d;fiékent causing a net chemical change, (i.eaG5:D).

1% the free energy change G is +ve, the optical energy

t w
[

.n.bétk"coﬁéertéd into chémical energy ( photﬁeletrolysis )

ind -For .8, to be -ve optical energy ractivate the

reactlon (photocatalvsxs). The classif;cation according

to ‘this enerqy change, AG, is shown in #ig.’ 1.3.

Afthbugh conversion’ of optical energy into an’

.'electric;l: by the use of photovoltaic effect is a well

khdwn'phénoﬁena. the reduction in coﬁt has been a great

. hindrance in recent years in order to provide: an

economically competitive source of electricity. One ' of
the wayé predicted to achieve this low cost solar cell

goal is the development of thin film technoloéies for

N having- high absorption coefficient and high - quantum . .

“ . .



PEC Cell

4.,

Photoelectrochemical (PEC)
Cells (S-L Jun.Cell)

photnelectro synthetic Cells

EY

—

Photoelectrolysks cells|
(Energy Storage)

' 'Phoéoééiaiyticicelisﬁ‘
‘ v eg-"N2+3_}{?--- 2 NH3 " ) "

Fig.1.3 Classification scheme for rhotoelectro-chemical cells.




: . 15
vield find suitable in this respect. The II-IV and V-VI
compounds meet these requirments and can be .made
gvaifab{e- in thin film form wiéh' a low - cost and
;néxpénslve techniques 113-20!.. These electrochemical
phatnv&ftaic cells have the following overriding

abéantaﬁés over'gheir solid state counter part }5.83 1

L S
D
.

‘_TﬁénﬁEﬁ{gElls are easier to fabricate ., Just immersion

“66"thé semiconductor in the electrolyte forms. " a

juqcﬁfoni- The process of junctipb formation in the

,ﬁﬁéé"of’ solid state solar cells involve complicated - .

.

'”jproceséinh steps and highly costed .equipments. The

.~ process further is time consuming.
A}

The Péé cells provide the means for direct storage of

'
LI % '

LS?:&DE%&Q! energy.

-
.

. The - problem of differential thermal expansion and L

interdiffusion does not arise in case of PEC cells.

-Thé,'bénd bendfng characteristic 64 the semiconductor

“"can - ‘easily be achived by a suitable choice of redox

' éleétrolyte system.

No antireflective coatings are required in PEC cells

" .unlike the solid state solar cells.

Photosensitive Junction is abrupt (- transparent ¥from
.one side) more photons are absorbed in the interfece

. .- . % .
region where charge carriers are more effectively

‘'sepparated and collected.
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7. Both amorphous and polycrystalline semicqndu&tinq .

electrodes are useful due .to increased. surface area.

8. All the'p%éparative processing steps are simplified in

. PEC cells.

- . "Even ;houqh PEC cells has some inherent
%ad;éntéges. they are less stable ;hing~‘.to the .
f:éhstyﬁéFrosion .04 the photéélecérode ‘and problems

:;.-?héouniéréd in cell sealing because of the liqhid‘
. '.electidlyt¥ . The stability of the photoelectrodes have
; bééﬁ_-s@tte;sfutly tackled: by different ‘groups around.

) :the"ﬁorid working in this area ! 21 - 24.%,

A f}S"Réggi?g@ghﬁg of Photoelectrochemical - (PEC) Cells.
S .. The " essehtial constituents of a PEC cell "are :
’ T'“Seﬁi:oﬁauctbr photoelectrode ,an electrolyté consisting

¢

-ofgwrédox species and a counter - electrode. The *

fol}owiné' points should be noted while devicing an

% . .
T

‘;-y¢e¢¥}cigpt photoelectrochemical cell.

U 14331 AN active photoelectrode. . _ .

-
»

The choice of a semiconductor material as ‘a
,'}pgofqei;ctrode~is a very complex p}oblem for a PEC cell.’
‘It shoald ;étisfy the fol;owing'requirments.:
. a) The bandgap of the material should be such that the
' maximum span of solar spectrum is utilised . Most .

of the visible part of salar energy reéching"tﬁe'

earth’'s surface is ceéntred in the range 1.0 to 3.0

-



-b)

L e

~dd Ihé; magnitude of donor atom concentration, Np,

’ yor
17
eV. Therefore very wide bandgap semiconductors are

not used. 3

Material should be of direct bandgap type with

"high - optical absorption coefficient ( 0% - 108

cm—3%),

The minority carrier diffusion length ( Lp) and ,

depfegion layer width ( W )should be'rarge.

. should be optimum. Actually when * W ° is large .

Deb?e lenéth must be large indicating the smalleri

value of ‘' Np . Howere, Np canrot be made ‘very

x'sﬁéll since it would lead to increased ohiic losses

'-'ﬁi}hin the material itself. The optimum value of Np

"~ is of ‘the order 101® to 104® cm~3 ',

.e-’

f)

.-é;

For :a practical longlife photoelectrochemical cell

_the . photoelectrode must. be stable”  against .

d;}solptiqn. photocorrosion, and ‘electrochemical
;ofrosioﬁ wﬁen placed in the sp;cif}c redg* couple:
Loﬁ.ﬁb;ndgap materials are easily .corragive.THusf
¥rum (;) and (e) the material selectéd should have

an:intermediate bandgap.

. Charge carriers should_ have high mobility and

life time.

Thickness of the material should be large enough to

absorh all the incident Fadiations.
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h) Coét. of the material, manufacturiné procéﬁs; and

quantum efficiency should be acceptable.
::‘,‘ ; -}33.2._A redox electrolyte :

An electrolyte plays equally an impbrtgnf role in

.-,:'2, . ’deciding' the efficiency and hence. the acceptable -
1;3§~ CE ‘-'1§érformance ‘'of a PEC cell. .It helps. to drag 'the ¢
N | photbgene}ated holes from photpelec trode to

_:a . cbunte?éléctrode. As the difference between Eg,gewmy and
f."”".. EFJPEJUX dbfane the upper limit: %o photovol tage, the
. -5,chuice ; lies both for a photoelectrode and an:

_"‘ elactrol&te. Following are a few points while selecting

N A L
.- .. a’'proper electrolyte.

f:}:..:kffghzéléctrdlyte should be transparent. .

.
R %)

" . -
N - -
. - .
- »,
» . * .?
. .
R LR

”73.. 11) Ionic specxes particxpat;ng in the redox reaction

:if{%@a¥{ ﬂ-}“_‘--, should be ‘diffusion limited.

,'fi: Fra S iii) Cohductivity of the supporting ele:trolvte should be
""I'-:" . .? _:: :_ :. -' . :,'-_-‘. 2 a

Jfﬁnﬁﬁg- A SR hiqh%

:ﬁ;bx:.. . 2;1y)-1€"should be stable under illumination for longer

s : duration.

}fl~- . : V) Should-bé non toxic and costing less. '
;%_?}ﬁ& o . 1.3.3. The counter electrode :
_jig: L . -’.' The . proper choice of a counter electrode is
5 “_’:-'«: . . L . . L
el "o “imporantant. It should have. .
I a).Low over potential for redox reaction to take
.'.-."~“4, h b
LS .
TN .
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b) Large area for reducing conecentration polarisation.

¢) Chemical inertness with electrolyte.

Selection of the Materials.

Considering the above observations cadmium sulphide  is
©an important material for use in solar cel}s and "also
'finQS use in some other numerous‘ dev;ces. ft, has
fﬁte;h;ﬂiate bandgap which can be méﬁe optimum in
'iégsﬁect-.df‘photovoltage and photocurrent. (As sm;iler
-éaﬁééédéhaterials yield larger photocurrent and smaller
phoéuvoitage and vice versa for larger bandgap materials
'25 ).- Hence the preparation and charaqterizatxon . of

'}.Cdggfqus have drawn much attention. The poorly lapping

'11:ahsorptipnnspectra of Cd5 can be improved as it has got

" considerable scope for doping. The impurity doping not
qnly.exﬁends photoresponse but improves efficiency |26-
‘:30ft The dopent material is trivalent antimony.

The ﬁumbek of electrolytes have been tested for

) ‘CdS however; none of these found suxtable. ‘A mixture of

3equimotar NaUH~S-Naa§ is found suitable as it has many
advantages over the others '20. 28-321.

. Many counter electrode materials have beéq
sugggstéd and evaluated !33-3S5!. Platinum ér grapﬁite
1mbregnateﬂ with electrocaéalyst. like COS or NiS5, seems
hdite suitable. Use of transparent counter "electrode,
1§:also recommended. We have used impregnated graphite

.".as a counter electrode in our. studies.



LA S

1.5 Ain gi'fhe Present Investigation ¢

-

Qpcouﬁtipg the above observatidns systematic
..s¥udies have been planned in two aspects.
?:'i) thigl;ilm properties and
1i)ﬁ§hp£belgctr6éhemical cell properties.
- é§ most of the photoelectrochemical celf
férap;rtjgs:are found to depgnd_cn the éroﬁéréiés of tﬁe

" “active .- photoelectrode material, the photoelectrode  is

; x:'.":‘t:.'-'r"lar:élctbr.is’éd in terms of its electrical and optical
i”" png;éﬁiféék-.As a starting step we.héve'iried to develép
.':;ich;;idél_éepogition process systeq. Efforts have also :
_' Leeﬁ pui_?to avoid the difficult, -compi9x- and clumsy’
'&fz_ﬁgéa;niégl.b?ocesses involved therein:.
‘.'_ﬂTﬁin:films of cadmium sulphide have been ;brépared-
3"6y ;.'cﬁeﬁital deposition process as _1t has certain
:‘iﬁbﬁééag;s-over the other conventional techniques. - The
s oéfthféa%ion in the process has. alsc been’ done in
: réspect of the different depoéition conditions and
) brebarqtivé parameters. These déposition conditions and
pfepﬁraéive:parameters such asj épeéd,of éotatién of the.
isubstrates, rate of addition of thioure;. and molar
'congentration of the reactants, deposition temperature,
‘and, time for the deposition etc are finalised in the
. fnitiai fstages of the wark. The substrates used were
el Emoﬁpho&s glass. and stainless steel plates. Thé-

" physical characterisation of the material is carried out

pripr_ to the formation of a PEC cell. Physically, the
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material is characterised for its electrical

P

conductivity, thermoelectric power ané optical
absarptiun‘ studies? Tge electrical conductivfty' and
thermoelectrical - power units are'_develgped En our
._laborstéry. Various material_.éara@eters such as
canduct;yi;y. thermoelectric bower. 'carriér-
Zggpgeqtﬁ;tion. barrier height, mobglity. and gctivaéfdn
'.iéhe&;y_ have been examined. The trivalent antimony is
used :ab a dopant material.and its effects on various
fﬁiifﬁsééébe;ties-are studied.
. éor the studies on photoelect{o;hémical cell, o
.dféés cell, of the structure as diécussgd in chapter V,
e i;:'fabkgg;ted and the cell is constructed by employing
,"ith? é;mpleé on conducting substrates‘ {photoelectrode),
}:ah: eléFtrloyte (1M NagS5—-1M NaOHfIM S) and .a counter
:eiégtﬁodé ‘tgraphite). The electricai. and optical
:thaqioﬁrs of the cells have been carried out and an
:opiiiu@ _:ell cbmposition is searched out incldding- the

..T'affeéts:o#_dob;ng material.



