
l \ 4 

Abstract 
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PREPARATION OF &~TIHONY - OOPED TIN-OXIDE , FILMS BY DH>PING PROC ESS 
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Sb-doped Sn02 films have been prepared by dipping process, 

where substrates were withdrawn at a controlled speed from a 

solution of SnC12 in alcohol with requisite amount of SbC1
3 

as dopant, and dried in a desiccator and finally baked at a 

temperature of 600°C. Films were obtained in the thickness 
0 0 

range 400 A- 3000 A and are smooth and quite uniform. The 

sheet resistance of the films lie in the range 105- 10
7 1-L/tJ • 

This high value of sheet resistance, compared to Sn02 films 

made by other method is possibly due to the amorphous nature 

of the film. 
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Cadmium sulphide is one of the most studied materials useful for the fabrication of various solid-state devices such as 
photoconductive and solar cells. In thls communication we report a new simple and low cost method for depositing cad
mium sulphide thin films by the dip technique. 

Traditionally , the dip technique has been used for 
the deposition of oxide films [1] . For depositing 
cadmium sulphide , the substrate is withdrawn verti
cally frorn a solution of cadmium nitrate and thiou
rea in methanol at a controlled speed of""' 1 mm/s, 
when a liquid film adheres to the substrate. It is then 
subjected to a high-temperature treatment at 250 to 
400°C. This results in a solid film of cadmium sul
phide according to the well-known reaction 

= CdS + C02 + 2H20 + 2N20. 

By varying the speed of withdrawal of the sub-

Fig. I . SEM photograph of CdS film prepared by the dip 
technique . 
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Fig. 2. X-ray diffractogram of CdS film . 
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Fig . 3. Optical transmissio n curve of CdS film . 
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strate and concentration of the reactants, films having 
thicknesses 500 A to 1 pm could be obtained. Films 
that were produced were smooth and uniform at low 
thicknesses (::::::3000 A), but tended to be rough and 
grainy when the thickness was higher (::::::1 pm). It 
was not possible to measure the thickness of the 
thicker films by interferometry. 

The surface topography of the samples, as studied 
by SEM showed that films with grain size::::::} pm can 
be ob.tained (fig. 1 ). 

From the X-ray diffractometer data (fig. 2), the 
films appeared to have a predominantly zinc blende 
structure. Optical transmission data correspond to 
that of cadmium sulphide films prepared by other 
methods (fig. 3) . 
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The dip technique for sulphide films is essentially 
a variant of the familiar spray pyrolysis process. The 
difference here is that the substrate and the reactants 
are initially at room temperature and, being in con
tact, rise in temperature at the same rate. The relative 
ease and simplicity of the dip technique should make 
it attractive for the deposition of sulphide films. 

Reference 

[1) H. Schroeder, in: Physics of thin films, Vol. 5, eds. G. 
Hass and R.E. Thun (Academic Press, New York, 1969) 
pp. 87-141. 
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Cadmium, zinc and Cd- Zn mixed sulphide films were prepared by the dip 
technique. In this method, the substrate is withdrawn from a methanol solution of 
the relevant nitrate(s) and thiourea and baked at a high temperature to form the film. 
The maximum film thickness obtainable per dipping (deposition cycle) is about 
5000 A. CdS films show a zinc blende structure, whereas ZnS films are completely 
amorphous. Cd- Zn mixed sulphide films consist of an aggregate of amorphous zinc 
sulphide and partially crystalline CdS phases. The grain size, typically I Jlm, is found 
to increase with number of dippings. 

I . INTRODUCTION 

Sulphide thin films find extensive use in the fabrication of a number of solid 
sta te devices such as photoconductive and solar cells, thin film transistors and 
electroluminescent cells. A large variety of deposition techniques, which include 
vacuum evaporation, spray pyrolysis, sputtering, molecular beam epitaxy, vapour 
phase epitaxy, chemical vapour deposition, solution growth, screen printing and 
electrophoresis have been used for the preparation of these films . In recent years, a 
large amount of effort has been put into developing simple and low-cost methods for 
the deposition of these films suitable for device applications 1• 

The dip technique for the preparation of oxide thin films was quite popular 
before the widespread use of the vacuum evaporation technique 2

. It is very rarely 
used at present, the main reason being that it is limited to oxide films only. The 
method involves the dipping of the substrate in a solution of the corresponding 
metal nitrate in a n organic so lvent, withdrawal at a controlled speed and subsequent 
high temperature baking, when the nitrate decomposes to yield the oxide. It has been 
found that , by adding a suitable sulphur-containing compound, su lphide films can 
also be deposi ted by this technique 3

. 

In this paper, we report the preparation of cadmium, zinc and mixed Cd- Zn 
sulphide film s by the dip technique and the properties of these film s obtained under 
various deposition conditions. 

0040-6090)87 /S3.50 © Elsevier Sequoia/ Printed in The Netherlands 
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The experimental arrangement is shown in Fig. I. The subs trate was withdrawn 
vertica ll y fro m a methanol solution of( I) <.:admium nitrate. zin <.: nitrate or a mixture 
nf the twn and (2) thiourea in the reljuisite amounts at a <.:ontrolled speed of about 
I mm s 1 with the help of a pulley and a geared motor. The subst rate together with 
its adheri ng liquid film is transferred to a furn ace at a temperature of 200- 400 "C and 
haked in air for 5 min . The rea<.:ti on that tak es place is typ ica ll y (for ZnS) 

Zn(N0d 2 + (NH 212CS-. ZnS +C0 2 + 2H 10 + 2N 20 

Sin<.:e the emphas is was on the deposition of films that were as thick as possible. 
methanol was <.:hoscn as the solvent because of the high solubilit y of thiourea and the 
metal nitra te in it and also beca use of its good wetting property. 

SUBSTRATE 

GEARED 
MOTOR 

Fig. I. Exp.:ri menta l arrangement for thin film deposition by the dip technique. 

Preparation and study of CdS films were carried out for different baking 
tempera tures, Cd :S ratios, types of substrate and numbers of dippings (in the 
following, the term "dipping" is used to mean one complete dipping- withdrawal 
bak ing cycle). ZnS a nd Cd 0 .8Zn0 .2S films were prepared for a fixed M :S (M =metal) 
ratio ( 1:1) and at a 400 ac baking temperature only. Except for CdS films on 
a luminium sheet. mica and transparent conducting Sn0 2 , all films were prepared on 
soda - glass micros lides. 

Optical transmission measurements for the films were made over the wave
length range 320- 600 nm with a Shimadzu UV 240 double-beam spectro
photometer with a bare soda-glass substrate placed in the reference beam. 

3. RESULTS AND DISCUSSION 

The films were uniform except for a vertical region about 2 mm wide (in the 
o rientatio n in which the substrate was withdrawn) on the sides of the substrate and a 
horizon tal region about I em wide at the bottom. The thicker layer at the sides is 
ca used by edge non-uniformities, as may be expected. The "trouble zone" at the 
bottom is produced because an ex tra amount of liquid adheres owing to surface 
tension. Studies were carried out on the uniform central part of the films. By varying 
the concentration of the starting solution and the speed ofwithdrawal, film s having a 
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thickness of about 500- 5000 A could be obtained per dipping. The films were 
smooth at low thicknesses (no more than 3000 A) but were rough and grainy at 
higher thicknesses (about 10000 Al. The thickness of these rough films was 
estimated gravimetrically, as standard optical interferometric techniques ~.:ould not 
be used . 

Adhesion ofCdS films to the substrate was found to be dependent o n the Cd :S 
ratio in the starting solution. Films with Cd: S = 2: I and I: I are strongly adherent , 
whereas those with Cd :S =I :2 have very poor adhesion properties. It is presumed 
that for Cd :S ·;;:: I: I a certain amount of CdO is formed. which bonds strongly with 
the substrate surface. ZnS and Cd 0 .HZn 0 2 S films with M: S = 1: I also show good 
adhesion. 

3.1. CdSjilms 
The surface' morphologies of the CdS films prepared under various deposition 

conditions are shown in Fig. 2. It is seen that the grain size does not depend 
significantly on the baking temperature. It is, however, found that the grain size 
increases rapidly with the number of clippings but levels off after about five to six 
clippings. Except for the film produced by a single dipping, all subsequent films are 
really deposited on the underlying CdS layer, and it is clear that this exerts a 
substantial influence on the growth of the subsequent layer formed . This is also 
.corroborated by the fact that the rate of increase in thickness per dipping is lower for 
the first dipping compared with the subsequent clippings (Fig. 3). 

It was also found that the smoothness of the films as observed visually increases 
with the number of clippings, which is probably connected with the increase in grain 
size mentioned earlier. Films produced by more than five clippings also show 
evidence of dendrite-like growth. 

There is no significant difference between films produced on glass, aluminium, 
mica or transparent conducting tin oxide substrates (Figs. 2(d) and 4). 

X-ray diffractograms for typical films with Cd:S ratios of I : I, 2 : I and I :2 are 
shown in Fig. 5. The films show a predominantly zinc blende.structure. In addition. 
the films with a Cd :S ratio of 2: I show peaks corresponding to CdO as may be 
expected. The films with I: I stoichiometry gave the best diffraction peaks. 

From optical transmission measurements (Fig. 6). the absorption edge is seen 
to occur at approx imately 520 nm, corresponding to a band gap of2.38 eV. 

3.2. ZnS.films 
ZnS film s show a grainy structure essentially similar to those ofCdS (Fig. 7(a)). 

X-ray diffractometry shows. however, that the film s are completely amorphous 
(Fig. 8). The optical absorption data in Fig. 6 show an absorption edge at 
app roximatel y 340 nm (3.64 cV). 

3.3. Gl0 .tJZr10 _1 S films 
Mixed Cd- Zn sulphide films having the composition Cd 0 .HZn 0 2S arc impor

tant for the fabrication of Cu 2 S solar cells. Figures 6. 7(b) and 8 show the optical 
absorption data. surface topography and X-ray diflractogram respectivel y for a 
typical film . It is seen that the diffraction peaks for thi s material occur at the same 
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Fig. 2. Electron micrographs of CdS th in film s on glass su bstrates for va rio us deposit ion conditions 
iCd :S = 1: I) : (a) baking temperature TR = 200 C. single dipping ; (b) T8 = 300 C, single dipping; (c) 
T8 = ~00 C. single dipping; (d) T8 = 400 C. do uble dipping; {e) T8 = 400 C. five dippings; (f) 
T8 = 400 C. ten dippings. 

posi tions as those for pure CdS, but with much reduced heights, even allowi ng for 
the lower proportion ofCdS. In addition , a broad peak, characteristic of amorphous 
ma terials, is present. Optical absorption measurements show the presence of two 
a bsorption edges, approximately coinciding in position with those for CdS a nd ZnS. 
This leads to the conclusion that the material formed consists of a mixture of CdS 
and ZnS phases, with the ZnS totally amorphous and the CdS partially crystalline. 
Simila r results have been obtained by Banerjee et a/.4 who found that the 
introduction of antimony as dopant in CdS reduces its crystallinity and, a t 3 mol.% 
doping. the structure is completely amorphous. 
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F1g. 3. Variation in thickness ofCdS films on glass substrate with number of dippings (T0 = 400 °C}. 

Fig. 4. Electron micrographs of CdS thin films on different substrates (double dipping; Cd :S = I : I; 
T8 = 400 C): (a) on aluminium sheet; (b) on conducting tin o'xide; (c) on mica. 

4 . COSCLUDING REMARKS 

The dip technique as used for the preparation of sulphide films is a modification 
of the well-known spray pyrolysis method. In the latter technique the reactants, 
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Fig. 5. X-ray diffractograms of CdS th in fi lms on glass for d ifferent Cd :S ratios (doubk dipping : 
TR = 400 .. C; C u K:r: radia ti on). 
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Fig. 6. Optica l abso rption curve of CdS (ten dippingsl. Z nS (do uble dipping) and Cd 0 . Zn 0 _2S (double 
dipping) film s o n soda - glass substrates (M :S = I: I ; 7~ = 400 · C). 

Fig. 7. Electro n micrographs of (a) ZnS and (b) Cd .... Zn 0 _2S thin films depos ited o n glass substra tes 
(double dipping : M :S = 1:1: TR = 400 Cr. 
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DIP-DEPOSITED SULPHIDE THIN FILMS 
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Fig. 8. X-ray diiTractograms of CdS. ZnS and Cd 0 . ~Zn0 2S on glass substra tes (double dipping: 
:'v1 :S = I : I : T" = 400 C: Cu K :x radiation ). 

originally at a temperature of about 30 oe, impinge on the preheated substrate when 
the film-forming chemical reaction takes place. In contrast, the present method 
allows the reactants and the substrate to rise in temperature at the same rate. CdS 
films formed by the two techniques are very similar. However, for ZnS and 
Cd 0 _8 Zn 0 .2S films, there are significant differences. The dip technique is an extremely 
simple and low-cost method for the preparation of thin films, which should be usdul 
for various device applications. 
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Abstract. Transparent conducting films of both undoped and antimony-doped tin 
dioxide have been prepared by a novel technique. In this method, the substrate 
with a band of SnCI 2 paste painted near its lower edge is heated in a vertical 
configuration . The SnCI 2 undergoes oxidation to yield SnCI 4 (vapour) as one of the 
reaction products, which rises upward and is hydrolysed on the heated substrate 
surface to produce the oxide. The films are smooth and strongly adherent over a 
region = 5 em in length . The best films obtained have a sheet resistance in the 
region of 100 Q o-1 and 70% average optical transmission. 

Tin dioxide has been widely used as a tran~parent con
ducting thin film material [1 , 2]. Usually Sb or F is 
used as a dopant to increase the conductivity of Sn0 2 

thin films . In this paper we describe an extremely 
simple and low-cost method for the preparation of 
undoped and Sb-doped conducting tin dioxide films , 
which can be carried out in any laboratory. The method 
utilises the hydrolysis of SnCI 4 on the surface of a hot 
substrate which is also the basis of the familiar spray 
pyrolysis and chemical vapour deposition processes. 

A paste of SnCI 2 • 2H20 (along with the requisite 
quantity of SbCI3 as dopant , if added) is made with the 
minimum quantity of water and allowed to stand for 
1-3 days . When nearly dry , the mass is thoroughly 
stirred mechanically and a band approximately 3 mm 
wide applied near one end of the substrate with a 
paint brush . The substrate is then heated using the 
arrangement shown in figure l(a). 

Final substrat e J.::UJ position 
• (:· e 
:::: a 

:· r 

.·.·: ln•t•al su bstra te rl 
.. ~, ~ 

s""\ c.~ L ~IOSd•on 
be roC 

tal 

Substrate 

rm~ Subso;tnate 

.. ,t ~ ·.\ e SnC I2 
:. r bond 

Sh1eld --

lbl ( c) 

Figure 1. Arrangements for the deposition of Sn0 2 films. 
Figure 1 (c) shows the location of the SnCI2 band with 
respect to the substrate. 

The substrate is kept initially in a position so that 
only that portion of the substrate over which the film 
is to be deposited receives direct radiation from the 
heater. After the substrate has attained the desired 
temperature ( = 400 oe) it is raised so that the SnCI 2 

'band ' now also receives heat. The SnCI2 mass first 
becomes dry , then melts into a glassy form and finally 
swells and starts to 'spit'. Simultaneously , white fumes 
are given off and seen to deposit Sn02 film where they 
come into contact with the substrate . The thickness of 
the film being deposited can be visually monitored by 
looking at the reflection from the substrate and observ
ing the interference colours. It was found that the best 
films in terms of conductivity , optical transmission and 
resistance to peeling-off and acids were obtained for a 
substrate temperature of the order of 400 °C. 

Essentially similar results are obtained if the sub
strate is positioned to receive direct radiation from the 
heater, while the region with the SnCI2 band is shielded 
from the heater by a metallic strip (figure l (b)) . In this 
case no repositioning of the substrate is necessary, as 
the shielding ensures that the substrate is already at 
the required temperature before the SnC1 2 paste starts 
to decompose. Results reported in this paper were 
obtained for films deposited using the arrangement 
described earlier (figure l(a)) . 

In an attempt to understand the chemistry of the 
film-form ing process. an amount of SnCI 2 paste was 
strongly heated in a fl ask and the vapours given off 
condensed and co llected. The condensate was chemi
cally analysed and found to consist of SnC1 4 , H Cl and 
H 20. A separate chemical analysis showed that the 
SnCI 2 paste itself contains Sn mostly in the Sn 11 state. 



It is well known [3] that in the presence of oxyge n. an 
aqueous solution of S n CI ~ becomes turbi d on acco unt 
of the following reaction 

6 SnC1 2 + 2 H 2 0 ~ 2 SnCI 4 + 4 Sn(OH)CI. 

It is suggested that at room temperature this reac
tion is relatively slow, but proceeds rapidly on heating , 
as during the film deposition process . The SnCl 4 

vapour, which is one of the reaction products , is hydro
lysed to produce the film on contact with the hot sub
strate, the necessary moisture coming from the starting 
material itself and also from the atmosphere . 

The films are smooth over a length = 5 em fro m the 
position of the SnC1 2 band . The layer form ed immedi
ately a~jacent_ t~ t_he ?and (up to a distance of = 2 mm) 
has ~ high resiStiVIty m comparison with the remaining 
portiOn. Even over the low-resistivity region , the thick
ness is not uniform , the layer being thicker nearer the 
band , as may be expected . The uniformity of the film 
can be improved by painting another band paralle l to 
and at a distance = 8 em from the first one, and repeat
ing the process with the substrate turned around. A 
region 3-5 em long having a uniform thickness in the 
range 100-5000 A, as ascertained from the interference 
colours [1], can thus be obtained . 

T?e surface topography and x-ray diffractogram of 
a typical film are shown in tjgures 2 and 3, respectively . 
The grain size is seen to be = 0 .2 ,urn. The crystal struc
ture is in accordance with the usual tetragonal form of 
Sn02 . 

~y varying the amount of starting material, pro
portiOn of dopant , deposition time and the substrate 
temperature , films of various thicknesses having a sheet 
resistance from 100-5000 Q o - 1 and average optical 
transmission of 70-90% could be routinely obtained . 
Typical optical transmission versus wavelength data for 
the films are shown in figure 4. In figure 5 are shown 
the sheet resistance-thickness relationships for undoped 
and 2 at. % Sb-doped films deposited at various sub
strate temperatures. The sheet resistance of the films 
was measured by a standard four-probe method, 
whereas optical transmiss ion data were obtained by a 

Figure 2. A scanning electron micrograph of a typical 
Sn02 film . 

Deposition of conducting Sn02 films 

,-------------------------------, ~ 
E 
" 

"0 .. 
u e 
:t: 
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26 (deg) 

Figure 3. An x-ray diffractogram of a typical Sn02 film. 

SHIMADZU uv-240 double-beam spectrophotometer 
(air refe rence) . The resistivity of the Sb-doped (2 at. "lr ) 
films prepared at 400 oc is estimated to be 
:E5 x 10- 3 Q em. It may be noted here for comparison 
that the sheet resistance obtainab le for SnO,: Sb trans
parent conducting coatings prepared by spra-y pyrol ysis 
is about 2 x 10- 3 Q em [2). Films with useful con
duction and optical transmission properties can be 
obtained even without the deliberate addition of 
dopant. However the sheet resistance and optical trans
mission values show a very wide scatte r in this case . 

Conducting tin dioxide film s are usually prepared 
by various methods such as spray pyro lysis . chemical 
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Figure 4. Optical transmission versus wavelength for 
typical Sn02 films of various sheet resistance. (a) 
Undoped: (------) , 475 Q o - 1

; (- ·· -··-) , 670 Q o- 1
; 

(-}, 860 Q o - 1 ; ( · -·-·) , 1400 Q o- 1; (· ····}, bare 
substrate. (b) Sb-doped (2 at.%): (---), 110 Q o-1

; 

(- ·-·-), 550 Q o - 1 ; (-}. 870 Q o- 1
; (· ··· ·}. bare 

substrate. 
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Figure 5. Sheet resistance-thickness relationship for 
undoped {curves A and B) and 2 at.% Sb-doped {curve C) 
Sn02 films prepared at various substrate temperatures: 
A, 370°C; B,430 °C;C, 400 °C. 

vapour deposition , sputtering and activated reactive 
evaporation, each method requiring its own specialised 
experimental arrangement. The main virtue of the 
present method is its ext reme simplicity , which should 
make it useful for various device applications. Elec-

358 

troluminescent ce ll s (ZnS : Mn thin film EL wit h douhk 
insulating layer structure) (4), using ZnS: Mn as 
phosphor, and tin dioxide transparent e lectrode pre
pared by this method have a lready been successfull y 
fabr icated in our labo rato ry. 

Acknowledgments 

We would like to thank Dr P S Roy, Mr M C Saha 
and Mr S Panchanan of the Chemistry Departmen t, 
University of North Bengal , for their help with the 
chemical analyses . 

References 

(1] Vossen J L 1977 Physics of Thin Films vol 9, ed . G 
Hass , M H Francombe and R W Hoffman (New 
York : Academic) pp 1- 71 

[2] Chopra K Land MajorS 1985 Thin Film Technology 
and Applications ed . K L Chopra and L K Malhotra 
(New Delhi : Tata McGraw-Hill) pp 224-36 

[3] Partington J R 1950 A Text-book of Inorganic Chemistry 
6th edn (London: MacMillan) p 829 

[4] Inoguchi T and Mito S 1977 Electro/uminescence ed. J I 
Pankove (Berlin : Springer) pp 197-210 



, 
J. Phys. D: Appl. Phys. 21 (1988) 1769--1772. Printed in the UK 

127 

Malay K Karanjai and Dhruba Dasguptat 
Physics Department, North Bengal University, Siliguri, Dist. Darjeeling, 
PIN 734430, India 

Received 29 January 1988, in final form 6 June 1988 

Abstract. Photoconductive CdS :Cu, Cl thin films have been prepared by 
immersion of dip-deposited CdS films in an aqueous solution containing CdCI2 and 
CuCI2 followed by a high-temperature bake in air. The films have a high 
photosensitivity in the visible range and show photo-electronic behaviour typical of 
such films prepared by traditional techniques. Evidence of.coalescence of the 
grains as a result of the CdCI2 treatment was found . 

1. Introduction 

Cadm ium sulphide (CdS) thin films are widely used in 
a large number of solid-state device applications such 
as photoconductive (PC) detect ion , xerography, photo
voltaic so lar energy conversion and thin-film transistor 
electronics. Various deposition methods , ranging from 
the simple such as spray pyrolysis to highly sophisticated 
tech niques such as molecular beam epitaxy have been 
used fo r these films [ 1]. 

The dip technique is a relatively simple method for 
the deposition of sulphide thin films [2 , 3). As a first 
step towards studying the usefulness of dip-deposited 
films for vario us applications, we report in this pape r a 
study of the preparation and performance of PC ce ll s 
using CdS thin films deposited by this technique. These 
cells are found to be capable of achieving a high sen
sitivity and are simi lar in the ir photo-electronic prop
ert ies to those prepared by traditional methods [ 4]. 

2. Experimental details 

CdS thin films were prepa red on soda-glass substrates 
by the dip technique as follows. The substrate was 
withdrawn vertically at a speed of 1.3 mm s- 1 from a 
methano l so lution a t room temperature containing 5R g 
of thiourea per litre and 235 g of Cd(N0,)1.-+H c0 per 
litre (;t pproximat c ly 0.762 mol l 1 each). It was th en 
haked. toge ther wit h th e liq ui d film adhering to it. in 
air for 10 min at a temperature of 400 °C , when th e two 

7 To whom co rr.:>po nde nc.: sho uld he addressed . 

components chemically reacted to produce the CdS film . 
Two such dip-bake cycles yielded a film about 10000 A 
in thickness. More details have been given in [3] . 

To carry o ut the sensitisation with copper and 
chlorine, the films were im mersed at room temperature 
for about 2 min in an aqueous solution containing 
2 .5 x 10 - ~ mol of CuCI2 per litre and (7 .5-
17 .5) X w-2 mol of CdCI 2 per litre. These were then 
baked in air at a temperature of 550 oc for 1-7 min . The 
fabrication of the PC cells was completed by evaporation 
of aluminium electrodes in the usual comb-like con
fi guration [ 1] . The e lectrodes , which were deposited 
over an area of 3.5 em x 2.5 em , had a total length of 
about 10 em and were 1 mm apa rt. 

The dark current and photocurrent of the PC cells 
were measured as a funct ion of various processing 
parameters. The results are shown in table 1. The cells 
with the best photosensitive properties. were chose n for 
further study as discussed below. 

Voltage-current characteristics for different light 
intensities and equivalent resistance as a function of light 
intensity were measured using an incandescent tungsten 
filament source calibrated with a lux meter. The spectral 
response of photosensitivity was determined with the 
help of a spectromom 202 spe<;trophotometer, by meas
uring the photocurrent as a function of wavelength of 
the PC cell placed at the detector position . 

3. Results and discussions 

As table I shows, a higher concentration of CdCI , in 
the se nsitising solution leads to an increase in the d-ark 
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Table 1. Dark current and photocurrent of CdS : Cu, Cl PC cells for various processing 
parameters. 

Concentration of CdCI2 
in sensitising Baking time 
solution (mol 1- 1

) (min) 

7.5 X 10- 2 1 
7.5 X 10- 2 3 
7.5 X 10- 2 5 
7.5 X 10- 2 7 
7.5 X 10- 2 9 

12.5 X 10- 2 1 
12.5 X 10- 2 3 
12.5 X 10- 2 5 
12.5 X 10- 2 7 
12.5 X 10- 2 9 

17.5 X 10- 2 1 
17.5 X 10- 2 3 
17.5 X 10- 2 5 
17.5 X 10- 2 7 
17.5 X 10- 2 9 

{a l 

l bl 

I cl 

l 5 IJm J 

Figure 1. Scanning electron micrographs showing the 
effect of CdCI2 concentration in the sensitising solution on 
the morphology of CdS thin films (baking time, 3 min): (a) 
7.5 x 10 - 2 moll - 1 ; (b) 12.5 x 10- 2 moll - 1 ; (c) 
17.5 x 10- 2 moll - 1. 

Dark current Photocurrent 
(IJ.A) (~-tA) 

< 1 20 
< 1 84 
< 1 81 
< 1 72 
< 1 61 

50 4 
2 94 
3 90 
3 88 
3 84 

84 0 
4 92 

10 91 
15 88 
14 86 

current, while the photocurrent remains essentially the 
same . From the scanning electron micrographs (figure 
1), it can be seen that the CdS grains have a greater 
tendency to coalesce as the concentration of CdC12 is 
increased. It is well known [5] that CdC12 acts as a flux , 
promoting recrystallisation of CdS grains . The result is 
thus consistent with the elimination of a number of grain 
boundaries and a consequent decrease in the number 
of high-resistance paths as a result of CdC12 treatment. 

From table 1, it can also be seen that for a given 
concentration of CdC1 2 in the sensitising solution the 
photoresponse reaches a maximum for a baking time of 
about 3 min and then decreases slowly. The latter is 
probably caused by partial decomposition of the CdS 
thin-film material, as indicated by a separate experiment 
in which prolonged (about 30 min) immersion of the 
film in the sensi tising solution destroyed the CdS film. 
It was found , however, that within the range 1-8 min 
the time for which the film was kept immersed in the 
sensitising solution did not have any noticeable influence 
on the photosensitivity of the final device. 

The voltage-current (V-/) characteristics shown in 
figure 2 are essentially linear and characteristic of ohmic 
contact at the electrodes. Aluminium electrodes pro
duce an ohmic contact with CdS [5] provided that the 
CdS surface is sputter cleaned before evaporation , as 
was done in this case. The equivalent luminance-resist
ance ( $-R) curves (figure 3) are found to have a slope 
of less than unity on a log-log scale and to increase 
slowly with increasing luminance. Such a variation was 
deduced for polycrystalline layers in [6] from a theor
etical consideration of the lowering of inter-crystalline 
potential barriers under illumination . It has been found 
[7] from thermo-electric power measurements that the 
effective mobility of carriers in copper-sensitised CdS 
films increases with increasing illumination, presumably 
owing to a barrier-lowering mechanism. 
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Figure 2. Voltage-<:urrent ( V-f) chracteristics of a typical 
photoconductive cell for different illumination levels: line A, 
1000 lx; line 8, 200 lx, line C, 50 lx. 

The spectral response of photoconductivity for pure 
(unsensitised) CdS (figure 4) shows a maximum at 
520 nm , corresponding to a band gap of 2.4 eV. For the 
sensi tised samples (figure 5) a sharp peak at 505 nm and 
a broad peak at _590 nm are observed , the first being 
caused by intrinsic excitation, while the second arises 
as a result of the impurity levels produced by the copper 
acceptor. 

The maximum photosensitivity obtained by the fab
rication process described in this paper is 10 rnA Im - 1

• 

4. Concluding remarks 

CdS fi lms deposited by the dip technique have been 
shown to be capable of being sensitised by a simple 
treatment. Except for the vacuum evaporation of the 
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Figure 3. Equivalent luminance-resistance (~-R) relation 
for a typical photoconductive cell , for two different baking 
times : curve A, 7 min ; curve 8 , 3 min. 
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Figure 4. Normalised spectral response of 
photoconductivity for pure CdS (unsensitised) film. 

electrodes , all the steps involved in the fabrication of 
photoconductive cells using this tehnique are simple and 
inexpensive . The cells have a high sensitivity to visible 
light in the wavelength range 500-700 nm. 

Evidence of the coalescence of the CdS grains as a 
result of treatment in aqueous CdC12 solution followed 
by baking has been found . This may prove to be useful 
in the fabrication of devices such as solar cells , where 
an increase in grain size leads to an improvement in 
performance. 
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Figure 5. Spectral response of photoconductivity for 
sensitised CdS films (normalised with respect to the 
~ax1mum of the more sensitive sample) for two baking 
t1mes: curve A, 3 mm; curve 8 , 7 min. 
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