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ELSEVIER 

Prep~ration and study of doped and undoped tin dioxide films by the 
open air chemical vapour deposition technique 

Sekhar C. Ray. Malay K. Karanjai. Dhruba Dasgupta · 

Abstr.tct 

Highly tran~parent and conducting urjdoped and doped !Mo. Sb. FJ tin dioxide film' ha'.: ~.:n pr.:Far.:d b~ th.: ,,pen atr .-h.:mi.-ai 
'a pour d.:positinn techniqu.:. The electril:a! and optical properties have b.:.:n studi.:d in d.:t:.ul fc'~ ti lm, depu;iteJ on gla" ,ub,trate,. 
Surfa..:.: mnrpholog) study b) scanning electron microscope shows that for tilms deposit.:d ,~n glas, ,;ub,trate,. Sb- and F-J<>peJ tilm, 
ha'.: a larger grdin ~iz.: than undoped ones. Mo-doping. in contrast. produ&s smaller gratn'. Film.; Jept"iteJ <'"-mi.-a anJ :\I ,h.:.:t 
,ut>strate have abo a larger grain size compared to those on glass substrate. Films of ver: high yualrty in t.:mh c'i •r: ,rallinity. ele.-rric·al 
..:nnducti,·it) and optical transmission were obtained when deposited at a substrat.: t~mperature ,,i .U_N.J'C. The opumum .-oncentr.uinn f<'r 

,.. each dopant. at which the sheet resistance is a minimum. has been determined. -t5 at.<7c ~-doped SnO: tiims ,;ho'' the '''" e,;t r~si,tiYit:. 
- .l •: In . " n em. :md an :.l':erage optical Lransmission of 80<k- at a thickness of 3500 A. r 1997 El.;e,·i.:r S.-ien.:e s .. -\. 

1\,·n, ord, · Tran,par.:nt •:nnJu.:tinf oxiJe: SnO: thin films: CVD 

l. Introduction 

Tin dioxide ha~ been widely used as a transparent 
conducting thin film material for application in a number 
of o;oJid ~tate devices such as solar cells. opto-electronic 
de\ ice~. liquid cry•aal displays. heat mirrors. photo-thermal 
comcncr~. thin film reo;istors and gas sensors [1--l]. 

Thl· film~ arc abll very useful because of the stability of 
• their mechanical. optical and electrical properties. Tin 

dioxide is a wide band gap electron degenerate semicon
ductor. whose propenies largely depend on the-deviation 
from swichiometry (oxygen deficiency) as well as on the 
dopants used. L=sually antimony or fluorine is used as a 
dopant to substitute tin or oxygen atoms. respecti\·ely. 
· · Tin dioxide films have been prepared by a large variety 

. of technique~ which include spray pyrolysis [5-12]. chemi
cal \apour deposition [13-17]. sol-gel method [18-20]. 
rca~·ti' l' l'\ aporation [21) and reactive r.f. sputtering [22]. 
The prup.:ntes llf these films crucially depend on the 
Jepo~ition techni4ue and post deposition treatment. 
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In a pre,·ious repon [23] \\ e de-..cnbeJ an t:"xtrcmt:"l: 
simple and low-cost chemical 'apour dep..1~ition mcth~.JJ 

for tin dioxide tilm~. In thi-.. methnd. the o;taning material 
is SnCic. 2 HcO cry:;tab which arc gwund with \\:.Iter intl' 
a paste and the paste applied in the f~.lml of a ~-5 mm 
wide band near. and parallel to. the J,m er eJgc of a 
substrate positilmed ,-enically. On heating in air the paste 
decomposes according to the equation 

6SnCic + HcO-+ 2SnCI~..,.. ~Sn(OH)CI. 

SnCI~. which is generated as one of the re:k·tion prndu~·~-... 
rises up\\·ard due to convecti~.m and hydrolyses on the 
heated substrate to produce a tin dioxide film. Doping with 
antimony can be achieved by mixing the requisite amount 
of SbCI_, with SnCI c paste. Considering the simplicity of 
the method. films of reasonably g,xx! quality l·an be 
obtained. Details are gi,·en in Ref. [~.•]. 

This so-called ·paste-heat· method. hmw,·cr. .;uffcr, 
from the foilowing dis:J1.h antagcs: IiI the p..mi1m ,1,- the 
substrate where the SnCI: paste is applied must h.: ~uhse
quently cut away before the films can h.: used. (ii) h<:~:ause 
of the geometry of the armngcment. the films arc non-uni
form. being thickest near the paste-coated area and becom
ing thinner away from··it. and (iii) non-planar substrates. as 
also those with small size~ ~:anm1t be used. 
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ln this repon. we de~aine a modification oi the abo1·e 
method. which emplo)' the -.ame principle. and maintains 
..:.;,entiall) the ~arne simplicit). at the same time enabling 
••rw Ill ll!>tai n fi I m' fre..: from the atxn e defects. The 
prepar;.ttl~m ,,f unJupd and duped I Sb. \to. Fl tin Ji<•\id..: 
thin film-. b:- rhi, method and the 'tud:- of their electrical 
and optical propenie-. a-. well as their -.un·ace morpholog:
and Cf) 'tal .;tru~·run: an.· de-.crineJ. 

2. Experimental details 

.-\ 7~ em long gla:>~ tube with an internal diameter of 5 
em .. , a' placed \·en1call:- ;,~-. ~h<m n tn Fig. I. The tube was 
h..:att.'d fntm tht.' our..ide in armo-.pht.'ri<.: eonJition b;. 11 ind
in~ a heater coil on it~ outer· 'urf;,~ee ll\ er ;,~ length of 70 
dl1. The ,ut"trat..: ''a-. placeJ 'enicall;. in the central 
r..:,:~<m ,,f the tul>e. The 'Ianing material wa~ taken in ;,~ 

,·.,nr..:ai rh,J... pbeeJ at th..: l:h•nom ,,f the tube anJ heated 
'ep:.~ratel:-. Thl' IL'mperature of the .;ubstrate wa, mea~ured 
b;. ;,~ thermcK0upk placed close to the substrate. The 
'Ianing material was prepared by mixing Cf)'Stals of SnCI:. 
2H :0 \\ ith a few drops of water along with any dopant 
m;.nerial that might he added ;.md was stirred mechanic;,~IIy 
to ,·,mn:n i 1 10 a pa-.te. 

In the film forming process. the substrate was initially 
heJh:d tL> attain the de-.ired temperature after which the 
SnCI: pa,tl' \\a' heated. Wh1tl' fumes w.:re gi,en off by 
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the pa,rl' and 11er<..' ''-'en t•• Jq:x"rr SnO: fi)m, where the;. 
came int<• L'<'llta,·r .. , ith the h,,t ,ub,tr at<-'. 

It i' po~sible t<' dep<."it a number ,,f tiJm, in a b;.~t..:h. b;. 
Jtl;iChing them (<1 a hll)dt.'r. \\hich j, ['la,·ed Ill thl' eentr;.:! 
regi<l!l nf rh.: tu~·- t ·,u.lli: ~•th ,1,1<..', ,q· the: -uh,tratc· .1r-: 
.:o;,~t~d by thl~ m.:thuJ. \\ hr-·h I' aJ\ ;.:nta~c·,,u, 1:1 '"me· 
special ca~e' [24]. hut it I' al"' P''"trk t<' .-,,at ••nc' 'Ide 
unly h~ rn;,~-.king the 1Hh~r ,IJ.:. <•r r~ r'l\1!1:! ['.< ,, ,uh-rrat,:
ba.:k w tta~·J... Th1' m.:rh,>J 1' ~,rx·.·1.dlv .llh Jnt;t~c'<'U' f.·~ 

inac.:e,~ible ,urf.k't:• anJ the rn-1dc· -urf.k·c· .,( ..: tul-><:. 
where one can Pbtain;.: c••; .. lling l.{UI!C: .:..~,rJ:. 1n Cl'ntr"'l l·· 
the r;,~th..:r C<llllpk\ arrang<-'menr- reyu1r.:J 111 th.: u'u..:. 

CVD meth<xk The r1Jm, .. , ere u,u;.~ll~ J.:p< ''lled '" cr ,,)oj..: 

gla~s 'ub,trat..:' ,-_:; .:m • :..~ .:m I .Int.! ,h,m eJ a unlf,,r:.~ 

·mrerkren ... ·<..' ,·"l<•ur ,11 t.'r their ,·nurc . .tr<.?;! c,,·.:rr .1! rh-: 
t.'dge~. But unifl1m1 r1lnb _..,,uld .d''' t'<: r,•utin.:l; •·i'-~..!lll.:C:. 
if nece.;,af). <Her J larger arc'..l ''I ~11 em l.•ng h:- .! d~~ 

''ide. 
l"ndop..:J tin di'''id.: riJm, ,,f 'ari,,u, rhi,·J...ne"t'' "er;;o 

prepareJ ar ~ub:-.trat.: ternr<=raturl'' ,,r .~.:"ll'C. 4( )( 1·(' .1n..i 

4~0"C._ ~oda ~Ia~, micw,Jidc!s. m1'\-' and .-\1 -.heet wer.:' 
u~ed a~ ~ub-.lrate~. . 

The. 111m~ \\ere doped ''ith antin111n:. !lu,,rin<-' anJ 
rnolybJ~num b; adding antimony· tri.:hh•ride. amnh1niur:1 
tluorid.: and amnh•nium molybdate r.:~pedi\ el; · Ill th.: 
SnCI: -;taning material. Chara..:terizati•Jn of the 111m~ was 
carried out b; upti.:al transmissiLm anJ electrical C<1ndu.:
tivity mea~uremenh. X-r;,~;. di!fra<.:ll'nlt:tr) and ,e;,~nning 

ekc·tron micro..;cop:. 
The electrical proper11e' of the t1Jm, were mea,ureJ t-: 

the standard four-probe method arid the optic;,~! pwpenie-. 
were studied by a Shimadzu l"\"-2-W d,1uble-beam spectro
photometer. Surf;,~ce morphology and X-ray diifra.:t,,metri.: 
studies were carried out by a Hita..:hi S-530 s.:annir:g 
electron microscope and a Philips drffractometer tmod~l 
PW 1390) with CuK,, radiation (~i-t11ter) at 1.54 ...\. 
respectively. 

3. Results and discussions 

The t1lms wen: smooth. highly uniform and resistant l\.1 

peeling-off and acids. and also showed l0ng-term .;tabiJi[y 
with respect to their optical. electrical and mechanic-J.l 
propenies. The: displayed · characteristic interieren.:-e 
colours. Film~ of v;,~riou~ thicknesses wer~ obtained t>y 
\'arying the amount of staning material.. depositi11n time 
and sub~rrate temperaturt'. B:- ''h~erving the ch:mgl' in 
interference l'olour' a-. a functi11n oi time the order oi a 
pani.:ular colour ~-,,uJJ ~ kntm·n. anJ from the .;r;,~nd:ml 

\'alue or the mean refractiYe index l)i SnO- (taken as :..o 
OYer the range or 400-800 t1111) the thickn..:ss .:'tlUfd ~ 

estimated [25] . 
It was found that using this pnX'es' a substrate temper.l

ture of ~()()'C was ne~ess;,~f)· w pn:pare tllms of 'ef)· high 
4ualit: in t.:rnb ,,f ~·ondu ... ·ti,·ity. opti,·al tran~mi~~i~m. uni-



10-t Reprints 
S.C. Ra,- <'I a/. I Thm Solzd Filnu 3ui 1 /'IV-, ::::1-::::-

fonnity and resistan~.:e to peeling-off and acids as well as 
environmental shocks. 

3. 1. X-ray diffracrometric study 

X-ra~ diffractometric studies were carried out on un
Joped and doped SnO: films deposited at a substrate 
temperature of ~OO'C. Diffraction peaks for undoped SnO: 
fdms having two different thicknesses are shown in Fig. 
~Ia). Fig. 2(b) shows lhe X-ray diffractograrns of Sb and F 
doped SnO: films. The crystal structure is in accordance 
\\ ith the usual tetragonal form of SnO~. 

(a) 
0 

ES 60 55 so 45 

· ze ( c1cg l 

(b) 

50 45 

2 6 (de<,J) 

It is ckar from the XRD pattern~ th:H there is no 
amorphous background in the diffr4ctograms of lhe de
posited films. ~lorem·er. none oi the undoped films show 
any prderred orientation. while thlhe doped with Sb and F 
show a preferred orientation along the ( 1101 plane~. Promi
nent peaks. their d-lalu6 and relati\·e imensitie~ ( 1 · 1,, l 
for a typi~.:al F-dopeJ SnO: film are listt:J in Table I. 

3.2. SurJilce murplw/ogy 

Surface topographie~ of undopeJ. 6 at. c-;. \to-doped. 1.5 
at.9C Sb-doped. and -L=' at.'( F-doped SnO: iilm, de-

JS 

.. 

40 

Fig. 2. (a) X-ro~y diffmcwgr.un of undoped SnO~ films of two different thicknesses (T, = .WO'Cl. IiI 0.6 1-' m Iii I .:.:; 1-' m. I hl X-rJ~ dl!lr.Klllgl':lm of dt>p.:'d 
film, IT..= .UJO'Cl. Iii 1.5 al.'1 Sh-dop.:'d. (iii ~.5 al.'t- F-dop.:'d. 
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Tal-le I 

P:-~·m:ncn: p.:al P'-''lllt!n• 12,. '"lu.:' 1 ,,f the X-r.1~ Jiffr.a.:t1on po;:aJ.s . 
.. -\~r.-t· ... p.·ndln,!; ..:- .. ~lu~'- ~c:l;.ltl'-<= mtt:n .. ltlf.! .. t I IH I and lh~ir hJc:nuti~alJon 
(or f.J,•p.:J SnO; rilrn· 

~ H • .;., .1lu.: [.-\] 1 I.· 1,. 1_ ~" J·\alu.:' [.-\] I 1/ /., l hkl . 

~I>,..., ; .•-t-:- I I .I ~t'l.57 ."U51 IOJ 110 
_,_,411 :..6-ll :.1 ·'-'.sn ~-~ !!0 101 ,:- 'l~.. 2 .. '0~ 52 ~7.'1-t 2.36'J 25 200 

.. (F" ~!-.7~ .. :-!'."7(>..: _.: .. o • .• :':f.! ~I. .,~ Uti~ 65 21 I 
:'.! ~~ ; ~>71 I~ ~4."7-t 1.1>7~ 18 220 
,...: -.J' LJ~ l~ I> I Sf> I -t<JS 1-t ~!(I 

h5 '!'.I ! ~i:' L' 1>5.'1-t 1.-t I~ 16 .ltll 

posit.:d at a ,uh~trate temp.:rature of 400cC are shown. in 
Fig. ·'· It i' ohserwd that in all cases except that of 
\1~>-dop.:d lilm." large size grains of - I. 7 p.m are spread 
thruughout the tilm over a background of grain size - 0.6 
J.Lm. The"f large grains are observed to disappear when 
dop.:d wi\h \fo. The a\·erage grain size for Sb- and 
F-dop.:d films is found to be larger. while that for Mo
doped tllms is smaller compared to the undoped ones. 

Films were also..:.deposited on different substrates to 
investigate the substrate effect. Fig. 4 shows the SE~f 
micrographs of undop.:d SnO: films deposited on mica 
and aluminium sheet at a· substrate temperature of 400cC. 
-It is also evident. from Fig. 4 that the grain size of the 
undoped SnO: films deposited on crystalline mica ·and 
aluminium substrate is larger than that deposited on glass 
substr.1tes. Table 2 shows the grain size variation of the 
films deposited. 

- ~·-··..:.' 

Fig. J. ·S..:anmng: t:k\.:~r·_.r. :.: .. ::-t,~ra~i'i' .-.:· ~~u. :~1:-1 r"li!!> ·r. u:ncrt."nt 

SUb...;trJ.tt:~ IT_~ .!1~.1 -CI !.i' 0:""! !nh:~i. 1 ~1 ~~:-. ..:\.:;.11:1:-..im .. h~C'~ 

Result'> of detailed mea~urement~ of the sheet resi~tance 
of the lilms as a functi~1n of thickne~s. temp.:rolture and 
dopant concentration are shlmn in Figs. 5 and 6. 

Fig. 5 sho\>;~ the \ ariation of sheet resi~tance ".·ith 
thickness of undop.:d films deposited at three substmte 
temperatures. It is evident from the ~urws that the room 
temperature resistivity of the undoped tilms decreases to 
its mini~um value when deposited at a suhstrate tempera
ture of 40<YC but increases again when deiJ'1sited at a 

·higher substrate temperature of -l5o=c. This is due to the 
fact that. on increasing the substrate teinper.1ture from 
350°C to 400°C. a better degree of crystallinity is achieved. 
leading to improved electronic. optical and structural prop
enies [8.26]. It is also known that [5] both the carrier 

Fig. 3. Scanning elc.:tn'n micmgr.1phs of SnO~ thin films on glass substrates ( T,- .WO'CI. tai.UnJopo;:J SnO:: (bl SnO:::'.Io (6 at.'t-l: lcl SnO::Sb ( 1.5 
at.'H: (d) SnO::F 1-Uat. 0,(). . . . . 

. '0 
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concentration and mobility increase with the increase of 
substrate temperature where mobility variation is larger 
than that of the carrier concentration. A further increase in 
substrate temperature produces films of increased resistiv
ity. Thi~ is due to the fact that in undoped SnO~. conduc
tion de~:tron~ ari-.e from oxygen \'acancies. and a higher 
substrate temperature causes an increased oxygen evolu
tion from the o;ubstrate. leading to more nearly stoichio
metric films [8.27]. The resistivity of the undoped films 
prepared at a substrate temperature of 40<tC is estimated 
to be -l X I 0--' !1 em. which agrees well with the values 
reponed earlier in the literature [8]. 

The effect of dopants (Mo. Sb. and F) at various 
concentrations on the resisti\'ity was studied. h is found 
that for e\'ery dopant. there is an optimum concentration at 
which the resisti,·iry is a minimum. These values are listed 
in Table 3. 

Thus it is obserwd that the introduction of Mo reduces 
the resisti\'ity by a maximum factor of 2 whereas Sb and F 
reduce it by factors of 5 and 10. respectively. Similar 
~suit~ are reponed by Gordillo et al. [7]. The relatively 
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l. Fig. 5. Variation of ,;h.:et resi~tan.:e with thickness of undoped SnO~ 
tilm' d.:po~itt'd at \'ariou,_sub,trJte l.:mper.nures. A. }50°C: B . .WOoC: C. 
~50'C. 
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Fig. 6. Sheet resistan.:e-thid;n.:" rel:lll•>n·h•r fllr unJ,,p.:d I •un <' .-\ t • ..nJ 

dop.:d l.:ur\'1! B. SnO::.\Io 16 at.'r t; .:ur>l! C. SnO: Sh ( 15 ar.'r I; .:unc: 
D. SnO,:F (~.5 at.'< Jl SnO: tilm, prep:1r<.'d :11 a •U~Irah: l<'mpcr;,lur<' ,,f 
4\XfC. 

higher reslstJvny and lower optical tr.msm•ss•on of the 
Mn-doped SnO. film" l'ompared to rh~· Sh-dnp...·d and 
,, 1·~···~·-1 nr,.,. "'If ,., .... ,. , . ,,._.;, ,.~ t" ( .. tin ; •,· 

... ju~~l \ ~d th.hu 'li~o.- :>t:..\J ,,,, .. "'.:-'""t·'· &l '" ........ " u d .... , ... a. I. 

the decrease in grain size the gr.lin ooundai} pot~ntial 

increases. leading to an increased grain boundary scatter
ing and a corresponding increase in re:>isti\'ity [5]. In the 
case of Sb-doped and F-doped SnO~ films. the resisti\'ity 
decreases up to 1.5 at.<:i- Sb-doping and ~5 at.Cf- F-doping • 
respectively. which may be due to (i) increased ~-artier 

concentration. (ii) larger gr.tin size and (iii) pn:t'=rred 
orientation. Beyond the abo..-c con~cntration the nh~rved 

. Tabl.: j 
.\finimum r~sisti\'ity · \'aluc:s ,,f-und,,p.:d and doped SnO: ri!m, •>n gla" 

substrJte ( T.. = ~00'0 

Films 

SnO: (undo~dl 
SnO,:!'IIo l6 at.C:C J 
SnO.:Sb ( 1.5 at.'7rl 
SnO, :F ! ~.5 ar. q. J 

.. .. 

.1-x 1!1' ' 
~Xtll: 

s X Ill-. 
~ x w-• 
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m~Tc;~s,:- m rc~i~ti,·it\' rna\ he due to the increase in the 
..:ontributi•.lll !rom ilmiscd i-mpurity scattering [5]. 

The 'ariarinn pf 'hc.:r r.:si.;tance with thickness for 
optimum concentrations of the dopants is shown in Fig. 6. 

The 'analllln \lf the a\·erage optical transmission over 
the range .UXJ->WO nm a~ a. function of sheet resistance for 
undnp.:d and dnp.:d film~ is shown in Fig. 7. The optical 
trarhmi,,i\111 i~ nh.;en ed to decrease with decreasing sheet 
re,istance in the ..:a~e of both undop.:d and doped films. It 
i, ,een for all the films that the optical transmission drops 
off more rapidly at lower ,·alues of the sheet resistance. 
Thi~ i, due to an increase in surface roughness of films 
hJ,·ing a km 'iheet resistance which have a proportionately 
higher thickness [ 1.26]. Howe,er. F-doped films are found 
to have a high optical transmission e\·en at a low sheet 
resistance of I 00 n I C. 

· The f8m.s are found to compare quite favourably in 
terms of electrical and optical properties with those pre
pared by other methods as shown in Table 4. The figure of 
merit d>TC" for the films has been calculated according to 

·Haacke's [28] relation d>rc- = T 10 /R, for transparent con
ducting films. where T is the transmission and• R, the 
sheet resistance. 

3.5. Conclusions 

L:ndoped and Mo-. Sb-. and F-doped SnO~ films de
posited by the Open Air Chemical Vapour Deposition 
(OACVD) technique ha\·e been in\"estigated in detail. The 
films show a high degree of crystallinity along with the 
largest \ alues of electrical conductivity and optical trans
mission when deposited at a substrate temperature of 
400"C. X-ray diffractometric study suggests that Sb- and 
F-doped SnO: films show a preferred orientation along the 
( 110) plane. The surface morphology study by scanning 

--·-·-·- ----· -------------..., . - . 

• •.· 
6.'J ~ ,·. 

6oo ~co 

Fig. 7. The a\'emge optical uansmission·o\-cr 400-800 nm \·ersus sheet 

re't~tan.:e for undoped (curve A) and doped <curve B. SnO~ :!'Ito (6 at.<:<- l: 

.:ur\'c: C. SnO::St> 11.5 a!.<:fl: cun·e D. SnO::F-(~:5 at.'it-)) SnO: lilms 

prepar~ 1 at a ~ut>~trate tempcr.nur~ of .UXlcC. 
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Sn0.::'\1,• pre--.:nc "-or~ ' . IIi 5r' ,,{, IIJA-t• ~I ' '::; -
p - re..:.i..:.ti' tr: {! 1 .:mi. R. - 'hr:~t r~ .. i,t:.m.:~ {!! = j_ T_, l ~ -\' - ..J\ r:r..lft' 

llp(ical tr.ln:\mh-..i"'" I'A .. l\t:h:ngth ~~~e- (c; j \ J.J.mll. L":l - :-:f-rt: ,..,! ~ent 
[ •.Ill'' 11 ]. C\'D- ~h<=mt~;~l '~r-.,ur • .kt""ill•'"· SP- ,,..~ .. ~ r~~··l~
~is. 

electron microscope sugge!'ot' that ior films deposited 0n 
glass substrates. the grain size in..:-reases in the ca~e oi 
Sb-doped and F-doped SnO: films but decrea..--es for ~to
doped SnO: films. The grain size for undoped films on 
mica and aluminium sheet substrate is also larger than that 
for films deposited on glass substrates. 

The lowest \·alues of sheet resistance at a panicular 
thickness are obtained for· 6 at. rc ~to-doped. 1.5 at. s
Sb-doped and 4.5 at. c;. F·doped SnO: films on glass 
substrate:. A typical \·alu.: oi resisti\·ity of 4.5 at.cr F-doped 
SnO. films is 4 X I 0- J n em and . that for 1.5 at. rc 

Sb-d~ped SnOc is - 8 X 10-" !1 em. 
The films compare quite well in terms. of electrical 

conducti\'ity and optical transmission with those obtained 
by other methods. The average optical transmission over 
the range of 400 to 800 nm is found to decrease a-. the 
sheet resistance decreases for !\fo- and Sb-doped films_ But 
for F-doped films. a negligible increase in transmission 
loss with decreasing sheet resistance is found to occur. 

In conclusion. tin dioxide film:-; ha\'ing a sheet resis
tance of 10-1000 n;o and an av.:rage optical tran:-;mis
sion of 75-909£- could routinely be obtained by this method. 
The merit of the present method is its e.\treme simplicity 
by which one can deposit useful tin dioxide films for 

· device applications either on one side or both sides of a 
planar substrate or inside of a tube quite ea..-.ily in any 

· · · laboratory. 

. 
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Tin dioxide based transparent sen1iconducting fihns depn~itcd 
by the dip-coating techniqt:lc 

Sekhar C. Ray. Malay}\. Karanjai. Dhruba DasGurtd "' 
Ocpurrm,·nr u/ Pln-,i,·'· L 'nirl'r-rn o/ .\'orrlr Bl'llga/. Si/iguri. j),,r;, ,·/in-,:--_;.;.;.: .. !i. · · i/, •;_.: !r .. 

\ tr.rra~·r 

l'nJ,,rx;J ,111J f-.J,•p..:J !rdJ1,r,Jr~l1[ XnliC:llllJU..:Iillg lifm~ \\ ili~ :ill J!<'\llk ,I• 1llL' .!•:[!\\.' !1:,,[;.'::.1; h.l\~ "'';.'11 r:.:r.I!L',i "':• .1 ci:r

_-,l,l[jq~ 1.:\.·hr.l..j~IL' Th~ tilm I• f,•rnk.oJ in ,j[U h:. th.: h:Jy-·1~,1· ,,f ~l.ll11l<'ll' .:hf.•ru.k \dll..:r· ;,,J,.,, r:.t,·;,· \\f:;,"!~ •• ·uh•tr.t!~ I• 

.. ::1..!r.: .. :1 .~:1.::::_ :'r-·n· .. 1 m:th.Hh'' ,,,luti,Hl ,,fSnCI,·:l\l:<J .11:J h..:.t! tr<::t:.:d ;,· .- 11:,::: !..::·:p.:~ .• :ur..: F-,k.;--oa_; :- .• .:hi.:,..:J !>' 
... •_,1:>1,; '.ll_f- '' :!·., <tJrt!nf ,,,J:Jti<'n. Th~ m;~\imum filmdhi..:J..n~'' ,,ht:lln:l.,!.: ~-! .II[';•·;·~ <·\.it- i< ,lf.,•ut ''·"' prn. "ut ,·.tn t...· 
.lk'/;,",!•c·,: !-I: mult•rk Jirrin~. Th.: film, arr.:ar ll' he a mt\t:J rh.,,,: l.'t'll•l•illl:! •'' ,·r:- -: . .!!::;;.: !ill •'\!,k <'\<:/ .111 .lll1• 1 l'f'!h•U• 
'•.,.-;_~,,·u,1d rr-'i>.tri~ ,•fSn!OH 1Cl. Th~ tilm rr,•Ju..:~-J h~ a ;111gh: Jippin.g <:<'ll•~>t• ,,:·.1 ,n;.,:: r:w:1C..:~ ,•r'r,,•l.rt.:J SnO: ,,~,;.dill<.">. 
ii•.:' _,. !I<..: :1im thldnt.",, I• in,-r..::tst>J th.:sc t:~o;tallitl's inn~a't> 111 numh.:r .111J tiil.dl:. 111\.'r::.: :n,,· .i .;,>nt:r.u.•u· l.11c'r -\ r~r1.::t! 

.. d .• ,.·.·:' rl'•l•lll n:· :.•r 1--tlt>p<:oJ rilnb rr,>Ju.:t:J h~ thi~ m.:th,>J I• 2A y Ill : n ..:m. \\illl ,\1\ .tl..:: •• ,:;,' tr.llb!l11>'h'l1 ,q· - ~~(( .1[ ,( 

;.. ·· .... ·:,_, . . ,( 2 '''' ·.n. · /'-~''-' Fl•<"'I..:r S.:1.:n..:.: S.\. 

I. lnrrot.lul.lion 

. \l'ol.•i!,:.' : r·;rrbp::rt:lll ,_,,nuu<.:tlll~ l>.'l:id..: mat.:rials. !Ill 

,i;,,,-_,:,_ ;;i,u~ llnJ ''ide: us.: h..:cau,.l.' l>f th..:1r ..:.\l.·..:li<.:lll 

p<:rkrm.,l•<.:c ak)ng '' 1th htgh m..:t:hanical. chemical and 
t:'m ir,,nm..:ntal stahility and Jo,, l.'OSt. In recent years 

._ ext..:nsi1e studies haw been carried out on these films. 
which are characterized h~ high ek"Ctrical conducti,·ity 
and high transparenc:~ in the 'isibk region of the solar 
spe~o:trum ..:umhined with a high rdkcti1·ir~ in the infrd
red ( IR l region. Tin dioxide is a semiconductor with a 
11ide band gap 1~.:'·-leV) [1-3] ha,·ing. a refractive 
index of appnniinately 2.0 [)] and a h.:tragonalcrystal 
structure. The ri1aterial is us_ed in a \'ariety of display· 
d..:1·ices such as liquid crystal displays. electrochromic 
and eb:troluminesc..:nt cells and imaging tubes [-t-6] 
such as photoYoltaic dc,·ices. 

:\ 1ariety of techniques ha\'t~ been employed to deposit 
tin Jio:xide films. These include reacti\'e sputtering [7]. 
spra~ pyrolysis [8. 9). ..paste-heat.. [ 10). chemical 

~apourdeposition [ 11.12] and reactil'e e1·aporation [ 13]. 
The dip-coating technique is an extremely simple and 

. ' 

low-cost meth,>d r,n th~· dqh)~lti,,n ,)f ,,,iJ~· thin tilnh 

( 1~1- In thi~ methl)d. :1s 1n the related :;,)1 gel methl>d 
[I~- It>]. a ll!etaiP\id.: !lim i> pn>du..:ed h~ hyJr,)l~ sJ:> ,)f 
th·.· '-'l'i'resp<'llll:!,g m..:t.1: .rlk•.•\id.:. nitr.1t .. : ,)r l..'hl,>nJ.: ,,n 
a substrat..: and suhsc4uentl;. h<.:~ll treat..:J at ~~ !ugh 
tempcratun:. There are howe\ cr. fe,, report~ in the 
literature t>n SnO; tilms prepared h;. thi" metht)d. \\hil.·h 
tend to ha1·e a resisti\it: l)f at least an ,,n.ler l)f magni
tude-higher than tlll>se prepared h~ l'lh~·r te..:hni'lu"-""· 
such as chemical ,·apt)ur dcp,)siti,)n 1C\'D> [ 17]. Thi" 
high \'alue of resisti,·it~. while rwt suitahk r'l)r ph~'tt'

voltaic cells. would nt)t he a pn,blem f .. )r It)\\ cum:nt 
<tppli~o.·ations. Slll.'h as li4uid cr~stal Jispla:s. The present 
work describes the preparati1.)n ,,f unJoped and F-do~d 
tin dioxide-based transparent scmil..'l>nducting thin tilms 
by the dip-coating tel.·hniljue and results of stud~ l)f 
their electrical and t)ptical properti..:s as well as surface 
morphology and crystal strul..'ture. 

2. Experimental details 

To prepare thl.· films. the substrate is first dipped and 
then withdrawn 1erti..:all;. fnm1 a St)lution l)f 
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h;: i \ .. n.ll;,>r. ,,, lh;.·~n,_.,, ,,( tilm,. J<.'J'<)SJtl!\l on glass ,ubstrat,-... 
\\llh ,,,n.-c·nn.l!:.>r. ,,flhc 'l.1r11ng -.>luti<>n I'J'<."'..'tl ,,f l!.ithJral!.al: :\ = 
3 mrn ... H- l .~ mm .... l ~ 11 ~,. mm :-.J. 

Sn<. ·1c 2H:O 1n m..:thanol at a controlk-d speed 
1 ! .. '·'nun '1. The .;ub~tral..: tog..:th..:r with its ·adhering 

., hlJUid film i~ th..:n transf..:rr..:d w a furnace kept at a 
high t..:mp..:ratur..: and h..:at treated in air for 5 min. 
D..:taib L)f th..: pn1ccs~ arc gi\t:n elsewhere [IS]. For 
dL)pcd film preparation. the r..:quisite amount of ammo
nium tluoride is added t<.) the :;tarting solution. 

... 

l'ndoped and dL)ped tilms were prepared for different 
heat-treatment temperatures. Variation of thickness with 
lifting speed and concentration was studied. Thicker 
films Cl)Uid he ohtained by repeating the whok cycle 
(dip withdra\\ a! heat treatment) a number of times. 
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Fig. ~. \';,n;IJil>Tl-llf-lh&d.n,:s, nf tilnh. Jt:['l>Sil.:J Oil glass >Ut'>S!ral<'oi. 
11i1h ,~,-J ,,f ''ithJra11.d [•·nn,·.:n.trati•>n of the: staning s.>luti•>n: .·\ = 
4\11),! 1: B~.~_;ug 1: C=~~og 1]. 

J':IU 

. . -: .. 

Film; \\ere Jcr''~lk'd ,,n ,,,J;t-~1·''' m1~·r,,,,.,)pc ,IJJc~ 

and mtca .;hc..:h. The ..:har;t..:lcrt/;llh'll \\,,, nw~tl~ J,,n..: 
,,n th•)s.: J.:r'''Jt.:J ,,n !:!1"'' ~ub.;tr;'t"'' 

The thickn..:s.; ,,f the d.:p,>-it.:d rilm- \\;t' m"·;t•ur"·d 
using th..: -~~ lu- rn.:th•'d. '' htk -hcct r"·,,,r.tn~·"· "'"' 
m..:asurcJ h~ ;( •'ianJ;!rd f,>ur rr•'lx- .&rr.lll~"·mcrH Or!!~·.tl 

transmi:.sion as a func!IL>n ,,,- \\ ;1\ .:l..:ngt h \\ ,,, , >bt;t!ncd 
b! SHI\t.-\DZl. l.·\·-:..+11 J~,ubl..:-t-<;tm :'f'l'•:t.r •. ·;'h·'!·'!'r..:
t..:r. Surface -nwrrh,,J,'1:!: .md \-r;1~ JJifr.td•"l'c(nc· 
studic.; \\crt' ca rncd •'Ut \\ irh .t HIT ·\CHI "-~ 1 1i ,,·;mn !n~· 
d.:ctwn micrn~L.·,,rc .1nd " PH I L.l P~ dJtl'r.tdc>m:t,·r 
rmodd PW 1."1111 ''ith Cui-\.. raJt.ttiL>Il. 

3. Results 

It \\itS fl)Und .that ;1 h.:aHrcatm..:nt t..:mpcr.tturc ,,f 
-W0-500 C wa:' ne.:e~~ar;. to c1bt~1in lllms ~,f uxful 
quality in t..:rms L'f 1,)\\ sheet resistance and hifh ''rti~·;tl 
transmissi~m. \\'ithin this tem~ratur.: rang.: there \\a~ 
m' nuticc~1bk \ ;lri·auc'n in th..: tilm rr~'rcrtk~. Re~ult• 

rt'pl1rted in this paper r..:f..:r lc' tilms rr..:rar.:J .tl ;t h.:;lt
tr..:atm..:nt t..:mp.:ratur..: ,,f -+<HI C. 

-t Thickness 

Figs. 1 · 3 shO\\ the \ ariation ~)f tilm thickn..:ss \\ Jth 
speed of withdrawal. conL.·entratiL1!1 and numh.:r ,,f 
dippings. r.:sr.:cti\d~. It is L>bsened that th..: tht..:kn.:s:. 
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trati,,n ,,r 1h.: ,1;1r1in~ "'!ulh'tr ·\ = .~.~~~ ~ !. B =~:'II~ ! 1. 



Reprints 

,>1 Ilk· d.:p•"lk"J b:.:r mcn:as~~ lin.:arl~ up w 7 S 

d1pp111g~. t-.::•'11d "hich rh.: ra!t: 1\f incrcas~ is siO\\t:r. 

:'. -:\-ra~ ditfracromerric stud~ 

hg. -1 _,/11'1'- 1 h.: .\-r ..1: JitTracwgrams of unJofl\!J 
lilm, •'11 ~d;t" .;ub~rrar.: f,,r ·!h.: di!Tcre!l! numb.:rs of 
J1pp111_:!.'- It ~~ c1 id.:nl from the ditfractograms that 

;.,_ ,:rS,t.tllilfti: ,,f rhc. film.; increased with numl:xr of 

lhppi11g" up "' d •• aluc t~f 211 dipping:.. Single dip Jilms 
;tr..: prcdumll1..t11!l: ..tmorphou~. 

' 

hg.' .;h,_m, rh .. · .\-ra: ditTracwgram of a typical Ill 
J1p tilrn <'11 mi.:a .;ub.;trar.:. The fl\!aks are obscrn:d t•..' 
b.: lllth.:h ,h.trrx:r ...:•'rnparcd l<' those for films dep...1sitcd 
,111 ,_,J,t-;!b" ,uhstr:1tc~. The plhition L'f the peaks 
<~D!;un .. ·J ••n h,,rh gla~' and mica substrates an: in 
.... ,,11(,,rrnir: '' irh th.: 'lanJard tetragonal c~stal structure 
,,f SnO;. c,,mpari'•'n \\llh :\ST\1 t//.,l data indicates 
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Jirccti<lll. 

6. Ell-cfrical propi.'rtil.., 

F1g. {l ~lhn\ ~ the d.:.:r.:~t~ .. · in ~h..:..:t r.:,r~:.tn.:.: ,,, 
und,\pcd anJ f-'.J,•~d tifm.; 1-l.:' .It<; 1 "ith rhid,n.:~' 

The !,m est \<dues ,1r ~beet rc-;i~ran .. ·c. ,,f unJ,,pcJ ;rnd 
--'.5 at.'ic- f-d••red tilms. arc ~I HI n anJ Sll n 
n:spct.:ti1d:. tt.'r a thr~:knt.•ss ,,r :.<}1, Lim '' h1~.·h •. :urr..:'
ponds tL' r.:sisti1 it:- \ alu.:s ,,f f-..'J .: Ill 2 !1 ...:m .t11J 
2.-t ... 10 < !1 .:m. resp.:ctiH·I~. 

It \\as fount! rh~tt a lifm pr.:parcd h~ .;inl,!k' dippill:! 
in a h1gh ._-,1n.:entrati,,n ,,,luti,,n ha' ;r mu~·h high.:r 
1·alu.: 11f shc.:t rc~ist;1n..:.: ... ,,mparcJ l•' ··n~· h;l\ ing rh ... · 
same th11.:knc~s bur prepared by mul!iplc Jirring~ using 
a kll\cr Cllllccnrratl•'n Jip s,,luri,,n. fl•r 1.'.\~tmplc. ~It a 
thickness 11f !l.:i~ pm the sheet r.:sistancc ,,f ;r ~ingl.: dip 
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film \\<I' ~ • llr' f2 . \\hil~ th;tt pn:pared b: li\e dip-
pmg~ ",t, s · Ill-' Q . The p~b:.tble reason may b<: that 
·r~'r ~ingk dipping. a num.ber llf loose!: packed crystal
lite~ are r~lm1e..f. \\ hile r~)r multi-dipping these crystallites 
f,Jrmed at e\l:~r~ Jepo::-iti~m step tend to merge together 
and prnJu~:e ~· l:<lHtinu~,u~ O.:<l!tdu~:ting path. Supp~1rt li.1r 
th1~ argument •~ ,,btaineJ fr,lln .Fig. b. \\here the sh..:..:t 
n.:sistanqs of undo~d tilms is se..:n lll ~rop sharp!~ at a 
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thicl..n..:,;.; ''' ah,,ut ~m1. F,,r F-J,,r<:J tilm~ the Jr,,r 
0\:..:urs at a thi..:knes,; ~,r ab~'Ut 11.:' pm . 

7. Surface morpholog~ stud~ b~ SE'I 

Fig - .;h,l\\' the .;..:arJning el..:..:tr•'ll 111kT•'gr.tph, •'1 
umh'r<:d :tnd ~-' :tt.'r F-d''f'<=d tiJm, It '' L·k:tr fr,,rr 
the mtL"f~'gr.tph' that f,,r th.: ur1lh'r~·d ri.!m. gr:tm '!" 

incr~:t'e~ ur t\' 211 dipping~. Th~· init1;tl b:er f 1·-t ..fir 
tilm~ ,,\<.:ran anwrph\'U~ gJa.;.; .;uh,tr.lh.' i< n..:;•rl: ;tllh'f· 
rh\lu, \\ hiL·h .- L'\ •• knL·L·d t'nm1 th,· '\ R n r;tttan .d"' 

' ' '. ·• ' 1 ' .• ' \ ' I ' . • ' 1 I I • '1' .• I .. I. . 1 . ' . • . I ' I, ' . I ~ I ', , ~ 

I I I L. .• I I • • : .•.• i ' • • . ; • I . • . . I I I - • :· ••• I ~ • • •••• I I .•• :. • 

rn th..: .. :.1~...: ,,, llliL".t ~uh,tr.tto.: tiJ.tll tll.ll •"• ~l.t~' ,ub~tr.'l' 
t Fig. -L.l. Th,· mu,·h .;h;trpcr .'\RD re:tk' ,,h,;crh·d rn 

thi.; L·;t,..: arc ab,• L.~,nst.;tent "ith th~· Ltr~..:r ~r.11n 'lh' 

It i~ r~l.;,;ihlc t h.lt f~~rnuti\1!1 ,,f l>igg,·r .-r: ,;t;dlttc' ,, 
facilit:lled h: the .;ingi..:-L·r: stal ,ub.;trat..:. \\ htL·h i' rn 
..:onta .. :t \\ ith th,· gr,n\ ing tilm. 

8. Oplical propertil'S 

Film,; \1htain..:d b: dip·C•'ating technil.JU<.: :tre highl: 
transpar..:nt. Fig. '-l ~h~)\\.; the ,,pti..:altr;m.;mi~,;;,,n r·,-r·u· 

\\ a\·dength cun ..:.; ,-._,r urllh'[X'd ;111J -l.:' ;l!.r·; F-d\'f'Cd 
tilm~ \\ ith ditkr..:nt ,;h..:..:t r..:.;ist;llh.'l' \;dUL':'. It •~ ,,·,·n th.1t 
the llpti..:al transmissiLln is reduced a~ a r~..">ult ~~r d~1ping. 

0 o• 06 'Z 16 2C 2 ... z e 
Tlo4tC)(~[~S ~ ).1."'] 

1-t:;. fl. \";mall•'" ,,f ,h,'"<.'l r.:'1'1an..:.: ,,!" tilm d.:posill.'tl .m gla;, ,Uthlral.:' \\t~h~hid,n.:''· l nJ,,~·d: -\=~~!I:; 1: H = .~.~~~:; I J.~ ;II.'< F-J••PL-J: 
(' = ~511 g I. 
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fig. 7. Elc:ctron micrographs of undop.:d and d<lpOO films on glass substrat.:. lind<'p.:d: Cal 1st Jir: 101 rh.: di!"': tclt.:n dcp,; tdtliftc~n dip-... 
1.:1 tw.:nty dips: cf 1 '".:nt~ tl\c dips. 4.5 at.st F~op.:d film: Cgll"l~.:nt) dips. 

A similar phenomenon has also been observed by 
Chopra et al. [ 4] and De er al. [ 19) and attributed by 
them lo ·a high .surface roughness of SnO, films having 
low ~heel resi;;dnce compar~d to undoped ~1nes. Awrag; 
optical transmission 85-909(- for undoped and 75-809(
-for F-doped films are obtained for a thickness of ::!.96 jlm 
O\'er a range 400 to 900 nm. 

9. Discussion 

It is known [I 0. ::!0] that SnC12 underg01:s hydrolysis 
according to the equation 

6SnCl~ + H~O-+ :!SnCI~ +4SntOH lCI. I I l 

This reaction is relati\e-ly sklw at room temperatun:. 
but is accelerated on heating. SnCl~. in turn. readil~ 

hydrol~ses to SnO~ at a high tein~rature a:; gi,en belcl\\ 

SnCl~ +:!H~O=SnO~ --tHCl: -.--

This forms the basis of preparation of Cllnducting tin 
dioxide lilms by the pa~te--heat or 0:\C\'D methods 
[ 10.::!1). In these method~. SnCI~ produced from re<tction 
( Eq. (I )) taking place in a separate an:a is allllwed 1\l 

hydrolyse on the substrate and yield SnO~. In Cllntrast. 
in the present method the SntOH lCl alsll remains on 
the substrate and ti.1rms the amorphous matri.x. whik 
most of the SnCl~ produced. escapes. A ~mall fraction 
of this SnCI~. hn\\e,er. is hydrolysed lln the substrate 

. 
.j 
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Fig. 7. (nontinut•dl 

and produ~es small Sn02 crystallites. Repeated dipping 
inneases the number of these crystallites which form an 
interconnected network after about 15-.20 clippings. This 
can bc-SL'I:n from the XRD spectra. the variation ·of 
sheet resistance with thickness and the SEM photo
graphs. \\'e see that the: sharp drop in sheet resistance. 
apPI!arance of sharp XRD peaks and merging of Sn01. 
grains. all t~tke place at a thickness of about I J-Im. 
However. c,·en at this. stage . the· proportion _of the 
amorphous component is quite large. as shown by the 
high \·alue of resisti\·ity. \'iZ. :!.-J X fO -1. Q em COmpared 
to .2.4 X 10- ~ n em for C'VD Sn01. tilms. It may be 
interesting to note that in the work of Gordillo ·et al. 
[.2.2]. also on spray-deposited Sn01. films. a strong amor
phous background is seen to be present in ~he XRD 
pattern when SnCI1. was used as a starting material. 

Although this amorphous component. most probably 
Sn!OH lCI. is present in the films. it is highly~transparent 
and leads to no significant dmp in optical transmissitm. 

. 
• 

This component is responsible for making the resisti,·it: 
·about two orders of magnitude higherthan that ohtaineJ 
for CVD films. However. the high optical transminanL"': 
makes these films suitable for those display appliL-ation~ 
where the current requirement is low. e.g. liquid crystal 
or elcctrochromic displays. In addititm. the simplicit: 
of the deposition methlld could make it attracti\e for 
enhancing the I R rellecti\ ity at a lllW n""sl. e.g. in 
solar cookers. 

The etl'ectin:ness llf a transparent conducting tilm 
dePI!nds lln its llptical transmission as well as its sheet 
resistance . .-\s aln:ad: discussed. the high sho..'l:t resistanL'C: 
of the dip-coated films is. w a great extent. nlmpcnsa ted 
for by their large llpticaltransmittancc. Haa ... ·ke [ 23 J has 
introduced a figure t1f merit fl1r transparent conducting 
films defined by the: relatilln ~~ll. = T 1

'' Rs. where T is 
the optical transmiuance and R~ is the sheet resist;mce. 
This parameter can nc used Ill C\ ;tluate the Pl!rfllmlance 
of a candidate material frlllll its fundamental parame-
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h:rs. :\ ~~ pi~·;t( '·) 11 \ aJU~ fl>r llUr ~-:'at. l ( f-JllP\!J. Jip-·. 
ClMh:d rllm i~ ~-:''10·-•n-:. ''hi.:h .. ·l·mrar~~ quit~ 
faHlUrabl~ \\l(h th~ \alu~ ,,f ~-~' '" _: n l li.lr C\'D 
Snc>~ lilm:' [~~-~:']. 
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ou' ,h,~t r•'Sistan-..-.:,. tal l'nd11p.:J: 1.. ... 1. bar.: substrat.:: I· -·. --1. 
4111Nl!l ·: f· .. · .. ·l- I~:'O!l .. : 1·.·.·.1. t>IIO!l .. II. ~:'O!l 
f bi-t:' at.<;f F.Ju~<llllm.: f.. ..... ). bar.: >Ub>lrac.::' I. :IlK) n .. 
f 1. :\fKI!l .: 1~ .. -.. ·1. ~IMJ!l : 1·.·.·1. '1410 
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H ha' · tx:~n J~nwtbtrat~J tlut th.: Jir~~'ating t~.:h
ni~..JI-11! ..:;111 b~-us~d Ill d~r~'~ll tran,..par~nt s.:nli.:tmdu.:ti!'lg 
films in a simpk mann~r u,..ing SnCI: · :H 20 .b a ,..t.tniflg 
material. Th~ lilms ..:lHllarn a~ ,..t;tllrn\." SnO: in adJitil•n 
Ill Jll am.>rphllU,.. ha..:kgr.HtnJ. rr,>hat-ri~ ,.,- Sn(OH t(l 
Th\." r~si·ili\ it~ ,,f rh~· lifm,.. i,.. ,..,,rn~" h;tt high~r ...-.•mpar.:-J 
w SnO~ rilms pr~par~J h~ C\'0 ,,r ,..pr;t~ p~rlll~sis. Thi:' 
is rrllhahl~ du~ Ill th~ pr~s~·n .. ·~ l'f th~ anwrphor.J:-o . 
...-.m;titu~nL Hl)\\ ~\ ..:r. th..: rilm,.. ar~ high I~ transp~tr~(ll 

and ha\~ a ligur~ '-'" m..:rit ..:llmparabk to that li.'r 
co±·.:ntil,nall~ -pr~p;ir~d SnO~ tiJm,... Th~ tilms \\lluld tl~ 
PO\"ntiall~ usdul for ltl\\ -..:urr~nt appli..:atilm su.:h ;.IS 

displa~ J~, i~.·.:s. Th~ m~thl,J is ~asil~ aJaptabk li.,r 
l\epo~)\)fl))_\'?.n-~-..n ~e .-.,reo.l -:. ur,'-.Ke~. 
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Deposition and characterization of Zn xed I -xs thin films prepared by the 
dip technique 
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Abstract 

Zn ,Cd, .. , S \0 s .t s 1.1 thin films have been deposited by the dip technique on ;:i.:" -c:~-:r.,r.:, In th;s method. a clean sub5trate "':J> 

dipped ir.l" Jn ;1k0h•)!lc S•'lution of the corresponding nitrates and thiourea and th·~r. \"'"Jr.1wn \t:r11Gllly at a controlled speed, ~nJ 
linaliy bkcd m " furnace. X-ray diffractomctric study suggests that for zm.: ;>!·•:t~•- : '.\~11'1!1 x s 0.6 films. prepared at a bak.ng 
tcmpcrallne of 500°C are homogeneous with a hexagonal (wurtzite) structure. Inn.:;~,.: ·nth: prllportwn of zinc in the staning solution is 
found tu produce a decrease in the lattice parameter. SEM studies reveal :m mer,-.;,..: •;, ~r:n!": "zc v.Jth ·x up to a value of 0.6. For 
x > 0.6. the films appear to have an amorphous character, as no distinguishable p.:ak> .::.sn t-..: ,.:en in the X-ray diffractograms. The SEM 
micrographs also Jo not >how any clearly defined grains over this range. V:1lu.:' ,,f h:JOJ!!ap obtained from optical absorp{ion 
measurem~ as well as from spectral response of photoconductivity are in good agrccmc"l: "1th each other and vary monotonically froin 
2.30 eV (CdS) to 2.69 eV (Zn 0 6Cd 0 ~S) over the range 0 .:s; x .:s; 0.6. © 1998 Els,-, 1.:r S,·rcn,c S :\. 

Kt'_nmrd.<. O.:posi110n process: Opric:>.l properties: Surf:~ec morphology; X-ray diffraclion 

1. Introduction 

Zn,Cd 1_,S thin films have been widely used asjwide {o....
bandgap window material in heterojunction photovoltaic 
soi:Jr cells f l-5) ;md in photoconductive devices [6]. In 
sobr cell systems. where CdS thin films have been proved 
to 1-...: useful, partial substitution of Zn for Cd increases the 
optical window of the hetcrojunction and also the diffusion 
potential [7]. Moreover. in heterojunction solar cells using 
CuGaSc 2 . the usc of Zn ,Cd 1 _, S instead of CdS can lead 
to an increase in photocurrent by providing a match in the 
electron affinities of the two materials. This hexagonal 
Zn ,Cd 1 _, S ternary compound is also potentially useful as 
a window material for the fabrication of p-n junctions 
withL'Ut lattice mismatch in the devices based on quater
nary matenals like Culn ,Ga 1 _, Se 2 [8] or Culn(S :Se 1 _ ) 2 

[9]. Zn,Cd 1_,S thin films have been prepared by a variety 
of techniques. which include spray pyrolysis (7,1 0]. ion 
beam deposition [ 11]. molecular b<!am epitaxial growth 
[ 12], solution growth [ 13.14 ]. and successive ionic layer 
absorption and reaction process [IS]. 

• Corn:~pondtng ~urh<'f T d .. + 91-35J-.l50-ll.l: f:~.,; + 91-353-4505.16: 
~-mail: dhruba@'nt•u ~m~t in 

OW0-60'1ll !9S /S t I llO ,. t 99S Els~vi~r S~r~n'~ S.A. All rights n:scrvcd. 
Pll Stlll.J0-60'10t'l7l009:12·2 

The dip ted1n1quc anti the related sol-gel method have 
been traditivnali~ used for ,the deposition of oxide. thin 
films [I 6. 17]. L' ~u:tlly. these involve the ttydrolysis of the 
corresponc.lin~ tnctal alkoxide. nitrate or chloride on a 
heated suhstratc. In a previous work [I!-\]. w_e reported a 
modificatiun <lt' the dip technique for the deposition of 
sulphide lilm~. Here. rite subslr:llc is withdrawn from an 
alcoholic solutllm 11f the metal nitrate and thiourea. and 
transferred to a t'urna..:c maintained at a high temperature. 

·where a chcn-iical rcacti,~n takes place to yield the sulphide 
films. 

As described m Ref. [ 18]. .attempts to produce 
Cd 0_8 Zn 0 ~ S film~ using a starting solution containing both 
cadmium anc.l nn•: mtrate~ rcsultep in the fonnation of a 
mixed pha..;,·!r-·:dcnal ..:nntaining partially crystalline CdS 
and amDrph<;u, InS when prepared :t.t a h;1king tempera
ture of -1()()'(' I; h.l, ~L'Cil found that hy increasing the 
baking tCIIl('L'r.l!ur,· !,1 500"(' homogeneous crystJilinc. 
Zn,Cti 1_,S !'!I:!,, "illlln th..: range O.sx.s0.6 could he 
producc.:d. ThL·,,· ,iJ.,\\" (Oilti nuous vari:~tion of lattice 
par;unctcr :\1\d' ._,,d~·'i' :1~ ;l !'un<.:tion of x. For x > 0.6, thc 
films tenJ \II de'\ c'i<'f' ~·:1 ,\llH•rph\)US character. The hantlg:tp 
varies lllPn••t· •!l:..:.dh (:·••Ill 2.3 c\' (CdS) to 2.69 c\' 
(Zn 0_6 CJ,,,S• <'\•.·r !he· r:111~c O~x.sO.I'l. We dc~crihc in 
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this report the preparation of these films and their charac
. terization by X-ray diffractometry, scanning electron mi
croscopy. optical and photoconductivity measurements. 

2. Experimental details • 

Three separate saturated solutions of cadmium nitrate 
[Cd(N0 3) 2 , 4H 20]. zinc nitrate [Zn(N03 ) 2 , 6H 20] and 
thiourea with methanol as solvent were initially prepared. 
They were then mixed in requisite amounts to yield the 
starting solution for deposition by dipping. It was found 
that the mixing was best achieved without any precipita
tion taking place if the thiourea solution was divided into 
two parts which were mixed with the two nitrate solutions 
separately. and one of the mixtures then slowly added to 
the other. 

Microscope glass slides, used as substrates. were cleaned 
by washing in detergent and chromic acid and finally 
degreascd in acetone and methanol vapour. 

In the film forming process, a clean substrate was 
dipped into the starting solution and then withdrawn verti
cally at a controlled speed, under atmospheric conditions, 
with the help of a pulley and geared motor, when a liquid 
film adhered to the substrate. The substrate together with 
the liquid film adhering to it was immediately transferred 
to a furnace for baking. when the chemicals reacted to 
form the desired ~olid film. It is found that films of a very 
high quality were obtainable when prepared at a baking 
temperature of soooc. Thickness of the films could be 
increased by repeating ;: . ..: O,..·hole cycle (dip-withdrawal
bake) a number of times. Details are given in Ref. [ 18]. 

Zn ,Cd 1 _, S films were deposited at 500"C for various 
concentrations of zinc from x = o· to x = 1. The value pf 
x was changed by changing the concentrations of Zn
nitrate and Cd-nitrate in the starting solution. The Zn/Cd 
ratio in the solid films was determined by Atomic Absorp-

. tion Spectroscopy. The value of x was found to be 
essentially the same as the relative proportion of Zn atoms 
[Zn:(Zn + Cd)] in the starting solution. Film thickness was 
measured by stylus method. Characterization of the films 
was carried out by optical absorption, X-ray diffractome
try. scanning electron microscopy and spectral response of 
photo conductivity measurements. 

Optical properties were studied by Shimadzu UV-240 
double-beam spectrophotometer. X-ray diffractometry and 
surface ~orphology studies were carried out by Philips 
diffractometer (model PW 1390) with CuKa radiation 
(Ni-filter) at 1.54 A and Hitach; S-530 scanning electron 
microscope, respectively. To determine -the photo conduc
tive (PC) spectral response, a PC cell was fabricated by 
depositing Ag-elcctrodes in the usual interdigitated pattern, 
which was subsequently placed at the detector position of 
a Spectromom 202 spectrophotometer, and the photo cur
rent measured as a function of wavelength. The area of the 
cell was about I cm 2

. 
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Fig. 1. Vm;ll"'" ,,, lhh:kn~<< ''" zioc atomic fraction .r of Zn ,Cd 1 _ ,S 
thin lilms 

3. Results and discussion 

The Zn ,CJ 1 _, S thin films were smooth. uniform, highly 
reflecting and strongly adherent to the substrate. Colour ol 
the films was d"><.:rvcd to change from yellow-orange tc 
pale yellow \\ ith rnc:n.:asc in zinc atomic fraction x. Zinc 
sulphide films ( x = I) were white in colour. 

. Films of difkrcnt thicknesses ~ere obtained by chang· 
ing the lifting spccd :1s .welt as increasing the number ol 
dippings (uip-withJr::~.w::~.l-bake cy~le). Smooth and uni· 
form films could hc obtained !JP to a maximum withdrawa 
speed of 1.33 rnmjs. For higher speeds, the 'films iendec 
to be non-unifom1. At high withdrawal speeds, the Jiquic 
layer adhering to thc substrate as it is pulled· out is quitt 
thick, and turbulcnc:c in this layer is also higher. 

Results reported in this paper were obtained by mea 
surements nn film,., prcpan:d by 10 dippings from a startinl 
solution containang total 0.93 (Cd + Zn) mol/1 and with 
drawn at a speed of 1.33 mmjs. 

3.1. Thicknt•ss 

Fig. I show:. thc variation of the thickness of the film 
for different values of x. when the total number of (Cd-+ 
Zn) moles was kept constant in a given volume of th1 
starting solution. Cd and Zn ratio in the solid films 
measured by Atomic Absorption Spectroscopy, agrees wei 
with th~t in the starting solution for different concentra 
tions. The rhickncss ni the films is found to dccreas 
linearly with thc incrcasc in zinc proportion. 



199 
Reprints 

S.C. Ray~~ al./ Thin Solid Filnu 00 I /998 J (~J(J- '"' · 

{\01) 

t'0Cl 

so JQ za 

z9 {Oec:J) 

Ftg. :! X-ra~ dtffr:>clogr:un a[ a typic:~! U. ,Cd 1 _ ,s thin fllm ( x = 0.4). 

3.2. X-ray diffracwmetric study 

A typical XRD pat!em for Zn ,Cd 1 _ .. s (for x = 0.4) 
films is shown in Fig. 2. Comparison of the prominent 
peak positions (2 6-values) of the XRD spectra with the 
JCPDS data file for CdS [19] suggests that the Zn_.Cd 1 _ .. s 
film deposited at a baking temperature of 500"C is hexago
nal (wurtzite) in structure with the prominent X-ray 
diffraction peaks corresponding to (100), (002), (101), 
(110) and (\03) planes. 

It was observed that the diffraction angle (2 e) shifts to 
higher angles with increasing zinc atomic fraction x. The 
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peaks, whid1 ~lr<.: qutt<.: ,harp up to x = 0.4, become weaker 
beyond this and nu rrorninent peaks appear for X> 0.6. 
which m.:ans that 1n this range the films are mostly 
amorphous. 

Fig. 3 shows th:: r<.: l:ltl<>nship bet we.:: ..: lattice param-
eter and tht: nn~ atl,!Tll<.: fraction x over the range 0 ~ x ~ 
0.6. I! is observed that the lauice constants decrease with 
increase in the proportion of Zn. This is consistent with the 
smaller size of the Zn atoms and also reflected in the 
decrease in thidness of the films with increasing x as 
described in S.:..:unn 3.1. Similar results were obtained by 
Yamaguchi ct. al [20} The values of a and c for thin film 
prepared at .\ = 0 <run: CdS) arc 4.13 A and 6.73 A. 
respectively. The.><: ,;!lues are in good agreement with the 
data for hc·u~un.d CdS films from the JCPDS card [ 19}. 

3.3. Optical prupann 

The optit:a1 cn.:rgy gap of the'Zn .. Cd 1 _,S thin film was 
estimated hy rncasunng optical density (O.D.) of the films 
as a function of wav.:lcngth in the range 2.2 eV to 3.5 eV, 
from which absorption ..:o-cfficient (a) was obtained. Plots 
of (a h v )" ond (a h ,.,, · ~ against h v were made (Fig. 4). 
(ahvr vs. h1• rlt'ts yielded su-aight line over the range· 
0 s x s 0.6. In contrast. for x > 0.6 straight lines were 
obtained when ( n '"'/H was plotted against h v. This is 1-1} 
indicative c.1f th..: fa..:t that the film arc. crystalline for 
0 S x ~ 0.6 and :!llll.•rphous beyond this range. 

Spectral rcspun~:: uf photoconductivity curves arc shown 
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Fig. 4. lh<: piOIS of (ah •• l' \for 0 :S X :S 0.6] and (ah1tr.tlfor .X> 0.6] against hv or Zn ,C:. ,S thin flint> H s.. 1 ,~ 
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Fig. 3 The dependence of th.: l:utic.: constants c and a on zinc :uomic 
fract1on .r 

in Fig. 5. The photocurrent values are nonnali:z.ed with the 
peak response for pure CdS taken as 1. No correction was 
made for the variation of intensity with wavelength of the 
tungsten filament source used in the spectrophotometer. 
With inc15asing x. position of the maximum moves from 
540 nm for CdS to 360 nm for 2nS, corresponding to a 
shift in band gap from 2.3 eV to 3.4 eV. This continuous 
change in b~nd gap with increasing proportion of zinc 
again confirms the formation of a solid solution. 

Fig. 6 shows the V::Jriation with x of (i) bandgap for 
0 ~ x ~ 0.6. (ii) optic .. gap for x > 0.6, and (iii) the 
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photon energy (() :-;; x :5 I) at which peak response in pho
toconductivity r~ PhtaincJ. Curves (i) and (iii) agree quite 
closely in the r:tngc 0 :5 x ~ 0.6. where crystalline films 
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Fig. 5. The spectral respon~ of photoconductivity CUIVes of Zn ,Cd 1 _~S thin films. 
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were ubtaincd The optical bandgaps for x > 0.6 are much· 
lcs.., ·than that obtained from photoconductive measure
rnenb. which may he due to the amorphous nature of the 
films in that reg1on. 

According to.H. Hill [21]. the optical bandgap Es of the 
Zn ,Cd 1 _ ,S films can be expressed as: 

Ey;.-1= Ecds + ( Ezns- Ecds- b}x + bx2 /}/S., 
. d 

where b is the bowing parameter and x is Zn atomic 
fraction. The value of b for films is about 0.22 eV. 
estimated from curve fitting, with the values of optical 
bandgap in the range· 0 :s; x :s; 0.6. This value is in very 
close agreement with theory as obtained by Hill [21 ]. For 
x > 0.6. the value of b changes sharply to 0.07, again. 
indicating a transition fn,rn crystalline to amorphous films. 

0 

Fig. 7 ,h •. ·.,,!!''-' SE:\.1 n11..:rugraphs ofZn,Cd 1_,S th 
films for Lh I kr..:n! ';dur.:s of £inc atomic fraction .r. _It 
evident from th.: llll~·r,,graphs that the grain size of the Iii 
increases up t,• t = OA. beyond which a tendency 
reduction in n~ ~tallinity is observed. This is also e\ 
denced 10 the XRD pattern. where sharp peaks arc o 
served onl~ O\er the range 0 :s; x :s; OA. 

4. Conclusion 

Homogcnel•u' and cry-stalline Zn,Cd 1_ ,S thin fih~ 
have been prcparr.:J su..:..:cssf~lly by the dip technique ov 

Fig. 7. The scanning electron micro gr.~ phs of Zn 6 Cd 1 _ 6 S thia films. (:.) x ~ 0, (b) x - 0.1. (c) t = 0 J. (d) .t "' 0.4. (e) x- 0.5, (0 x - 0.6. 
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the range 0 ~ x ~ 0.6 ..: films are hexagonal in struc
ture. whose lattice parameters c and a are found to 
deacase with increase in .t. An increase in x also pro
duces a similar drop in the thickness of the film, when the 
total number of (Cd + Zn) moles in the starting solution is 
kept constant. This agrees well with the fact that the Zn 
atoms have a relatively smaller size compared to Cd 
atoms. The band gaps obtained from optical absorption and 
spectral response .of photoconductivity measurements are 
in good agreement with each other and vary from2.30 eV 
(CdS) to 2.69 eV (Zn 06Cd 0_4 S), beyond which the 
bandgaps obtained from optical absorption measurements 
(optical gap) are much less than that obtained from photo
conductive measurements. Surface morphology study by 
SEM as well as XRD data shows that good crystallinity is 
obtained up to a zinc atomic fraction of 0.4. For x > 0.6 
the films appear to develop a.n amorphous character. 
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PREPAR.\ TION AND STUDY OF MoS
1 

THIN FIL1\IS DEPOSITED. 
8 .. Y THE DIP TECHNIQUE 

S.C.RA Y. DEPARTMENT OF PHYSICS, UNIVERSITY OF NORTH BENGAL, SILIGt:RI 
DARJEELING • 734430, WEST BENGAL, INDL-\ A."iD 

\1. K. KARANJA( DEPARTMENT OF PHYSICS. SILIGURI COLLEGE. SILIG U Rl. 
DARJEELJNG- 734-101, WEST BENGAL, INDIA 

\1olybdenum sulphide (MoS
2

) dichalcogenide thin film is a very promismg 
senuconductor (bandgap 1.78 eV) for. its various applications in solar cells, rechargeable 
batteries and as a solid lubricant for metallic and ceramic surfaces where hydrocarbon or 
o_rher tluid-based lubricants are unsuitable, such as in high vacuum or high temperature 
apphcations MoS. thin films have been prepared by the dip technique In this technique. a 
~lean glass substrite was dipped into the metbclnolic solution of ammonium molybdate and 
ammounium thiocyanate for half a min and then withdrawn venicaJly at a controlled speed. 
under atmospheric conditions, with the help of a pulley and geared motor, when a liquid 
film adhered to the substrate. The substrate together with the liquid film adhering to it was 

~ immediately transfered to a high temperature furnace for baking, where the chemicals reacted 
to form the desired solid film. Films are smooth, uniform and homogenious. X-ray 
Sffractometric study suggests that, MoS

2 
films deposited by the dip technique at a baking 

temperture of 300(' C are amorphous in nature but those deposited at a higher baking 
temperatue of3601) C and 4S0°C are hexagonal in structure The optical bandgap (I 80 eV) 
:alculated from t~e absorption measurement is quite comparable \\-1th the other reponed 
'alue 
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