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~ig.l .• l. (a) Schematic Die.gram of a Typical Physical 
··Vapour ~positiOn System.· 

(b) source,· (i) basket, (ii) helix.· 

~ii 

·F±g.i.2. Schematic diagram ·Of an Electron beam· .&Jraporation 
System 

(a) \-lork accelerated gUn..·. 

(b)- Ben·t. · beam ·ele(::tron gun;. · 

A - Ll' Magnetic Foeus~ing, ·F ... Anode, H ..... coppEiir: 
hearth, I .... pole pieces,. J - Water coated tube, 
K ._ permanent U-M:!.gneti . L - 'B.Vapo~ant material. 

·:Fig~1~3. Schematic· diagram of an MBE ··system. 

fig.1,.4. Sqhematic diagram of an ARE System. 

A-Filament, .E;-iilament cover, F"!"Water cooled 
discharge chamber, O...Gas inlet,. B~Anode., H-Mlgnet~1 , 
S-Subs~rate, J ... Substrate heater, c-~aporator. 

·Figitl•S·· Schematic diagram of an .:ton Plating Sysi;em. 

Fig·'!'1;.6~ Principal regio~s in a, low-pressure de glow 
-discharge. 

Fig .1·.:7. Schematic ·arrangements ·for various Sputtering 
variants; 

(a) piode;, (b) Triode and (c) Magnetron 

·A-ANODE, T ... TARGET, V-CHAMB~, S.,.StJaS'l'RA'l'E, 
P-PI.,ASl-1\;o G ... SPU'ITER GAS., . 

F;J.gi1.-'8.· A typicai chemical vapour deposition system~ 

Fig.1.'9• A typical Triple-Zone furnace for GaAs deposition. 

F!g.l.lo,. SChematic diagram of .a Spray pyrolysis setup. 



Fig.2.~.1~ Eicperimental arrangement for ~hin film deposition 
· · by the dip technique, 

~ig;2.·2.· variation of thickness of .. typical Al2 03 films with 
the speed of withdrawal df .the substra~e. 

Fi,.g.2.3 •. VariatiOn Of thickness 'of typical J\1.203 films with 
. the concentration of the s.tart!ng soiu~ion. 

Fig.2.4. Diff,raction pattern of AJ. 2o3 film 

(a)· on glass substrate. 

(b)· on mica sUbstrate~ 

tr:!9i2.s. An ~ray diff.ractc>gram of a typica.J. A1.2o3 film 
deposited by the dip tecnni~e~ · 

Fig.2.6 .. An X-ray diffractogram of a typical SnO.,., film 
· · deposited by the dip technique. · · · · ~ 

F.ig.'2.·7 •. A s~anning ELectron Micrograph of. a· typical. At
2
o

3 · film depos;i.ted by the dip technique • 
.' I . ' 

F~g.3,.l .... ~al19"em~·i::S·for the deposition of sno2 filmS. 
Figtire ·::_(c) shows the location of the snc12 band 
with ~speat to the Substrate. . 

Fig.3,..2. An X-ray diffractogram of a typical sno., film • ... 
. ' 

Fig.3.3• ,._.scanning· electron- micrograph of a, typical sno2 film!.. · · 

Fig.3.4. Cpt~ea1 transmission versus wavelength for typical 
. ~nQ2 f~J.ms of va~J.~ ~~et resista,nce (~) Undoped: 

(---), 47?.-. ...fl./ 0 (-••·-·~-), 670,-..!l/O I (-},. 
860 ..a.;o ·-- : .<.-.• -. )., 1400 ...n..;o. - ; ( ••••• ) b~ 

" slibstrate._c.~, (:b)' Sb.;.daped (2 at•%l: <--~.:.~), . 
~10 .11../d--- ·:,.-;, (.-.• -. ~>, sso .12/o' - , ( . . ) 
.-1870 .12../0 · _:; (..,~; ••• ), bare sUbstrate.· 



Fig.3.Sa. Sheet resistance thickness relationship 
for undoped and 2 at.% Sb-doped SnO films 
presared aE va~ious ~ubst~ate tempefatures : 
370 C, 430 C and 400 c., 
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Average (between 400 nm • 700 nm) optical trans­
mission - sheet resistance relat~on for undqped 
and ~b-doped (2 at.%) ano2 film on soda-glass 
substrate. · 

Fig.4_.1. ·Variation in thickness of .QdS films on. glass 
. substr~te with number' of dippings (TB = 400 C). 

l:'ig~ 4• 2~ ·X-ray diffractogtams ··of CdS thin films on glass 
· · sUbstrate· f.or · dif~erent CdsS ·ratios· (double 

dipping; or13 = 400 C; CuKo~,. radiation). 

Fig.-4.3 • X-ray diffraotograms Qf c;;::d$, ·a,as and C<\) 8 zn0 2
s 

thin .films. on glass substrate~ _(double .. ~ ... • . 
dippings: M;S = 1 :1; ';t'B = 400 Ct CuKo<. radiation)"•· 

Figo4.4. · (a) Electron micrograph of CdS thin films on 
glass .subs~rates .with Cd;$ .;-atios 1:2, 2:1., and 
1:1, single dipping, g::Posited at baking 
temperature, T9 = 250 c. 

0 

:Fig.4.4. (b) lij.eQt.;-on micrograph of Cd~ thin fllms on 
g). ass Sub$trates \'>1ith Cd:S ratios 1 :2_, 2 :1 a_nd 
1#1, single ~pping, g:posited at ba~ing · 
temperatUJ:'S, 'ls = 400 e • 

.ELectron micrograph of CdS thin films on glass 
s'l.i.bst.t;-at.es for· various deposition conditions,.. 
(Cd;S c;: 1 :1), singl.e0dipping# . (a): b~ng.. . 0 

te.mpe~ature os. c: 200 c~ (b) ~B = 300 c, 
(c) T

13 
·= 4oo c• · · 

ELectron micrograph of CdS thin films on glass 
substrates· for various deposition conditions 
(Cd:S. = 1 al~ baking te!T\Pera.ture ~a = 400°C.) 
(a} single dipping; (b) double dipping; (o) five 
dippingSJ (d) ten· dippings. 

Fig. 4 •. 7. ~ectron micrographs of CdS thin film§ on diffe­
%'\ant Substrates (Cd:S = 1 ;1; T:a = 400 C) : 
(a) on glass, double dipping; \.O) on aluminium 



Fig.4.e. 

sheet, .double dtppingl (c) o-.a conducting tin 
oxide, single dipping;, (dJ Ori mtca, dOuble 
dipping •. 

(a) Jneatron m,i;crograpn of cas films obta~ed 
wit)l prebaking; .Pr~baking temps~~ture ·== 70 _Q, . 
Fina.J. bak.ing t.ernpe.;ature .= 400 c,.. . . . . 

vi 

(b) . .ltl.ectron micrograph for cas film obtained by 
slow ':introduction of the substrate + liguid film 
into the furnace at a speed of .56 mmVSeae 

F~g ... 4~.'-• . Electron mic;rogJ:aphs of (a) ~s and (b) Cela 8 2i10 2s 
thin films ®posited on glass subst0ates • • 
(double dipping 'I l1:S = 1 311 'I'B c: 400 C) • 

.Fig~.4~10• . optical .abs();'Ption curve. Of CcU) (te~ di~];l~gs:>:, 
2hS · (doub+e_. dipping) _and. Cdr. · ·.?li . · s (dOuble· · 
c.iipptrlg) fil~ on soda-glas~4!9ub~~~af:es (M:S r:;: 
1 :1; TB a 40.0. C!). · • . . · · · 

GhaPter"S 
d 

~ig .. 5~1¢,· ~hematic d.:foagram of J.l:;lectron ~11l.tipliers 
· ~ · · (Discrete &nd .·c,emtinuaus dynode~~ · 

$cpematic diagr~ of ~. typic~ ·l?aral.le!'!'d'Plate 
.ctlectrcin ·Mil tiplier (PP~:V-~ · · · · . · ·· . 

~ig~5-i3·;, ~typical vaolium system :Eor study .of .t!.~ctron 
~ tipl.ier' c~e.ra.cteristics.. . . . . . . 

. - . , I . . : • ~ . 

f.rblnt~g and electrical connections of Parallel. 
:-Pl,~t:e ele.ctr.on ~ltiplier _te=st ·ciirqui~ 11 · 

Fig.s.s.-. ~a#,ail~l-pl~ii?.ele~tron multiplier p~ampli:fiel:' 

F.:tg,.5 •. 6~ 

:qirCui~· . 

A typical output ptil$~ fxoorn the paral.lel-pl,at~ 
e].ec;tron mul.tlpl,ie:r... ' . ' 

(a~ ,~,.tfl;?i~ai p~Qt~enquctive (PC), ci~J.i ~orretry'~ 
(b) ~st c:utcu$t for ~tudying the photor~sponsei 
of a 'l?C'cell•· · · ·. · · · 

~ann~rig eleQtron m.i~~ographs;showing the eff~at 
of C.4Cl2 c!bridentr~tion in the s~nsitis:ing . 



·Vii 

solution on the morphology of cas thin films 
(baking time, 3 min) : (a) 785 x 1o-2mol 1-1, 
(b) 12.s x 1o-2mol 1-1, (c) 17.5 x 1o-2mol 1-1. 

Fig.Silll9" Voltage Current (V-.I) characteristics of 
a typical photoconductive cell for different 
illumination levels 1 line A, 1000 lx; line E, 
200 lx; line c, 50 lx. 

Fig.S •. lo. Equivalent luminance resistance (~-R) 
relation for a typical photoconauct.ive cell, 
for two different baking tines : Curve A, 7 min; 
Curve B, 3 min. 

Fig.s.l~. Normalised spectral response of photoconductivi­
ty for pure CdS (unsensitised) film. 

Fig.S.12. Spectral response of photocond1ctivity for 
sensitised CdS films (normalised with respect 
to the maximum of the more sensitive sample) 
for t~.To baking times : Curve A, 3 min; Curve B, 
7 min, 


