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ABSTRACT

Cadmium sulphide (CdS) thin films were deposited by chemical bath
deposition method (CBD) on glass substrates at solution temperature of
75°C for 60 min. Anhydrous cadmium chloride (CdCl,) and thiourea(CS(NH,),
wereusedas sources of cadmium and sulphur ionsrespectively. Theinfluence
of [S]/[Cd] ratio in the solution on the structural, morphological, chemical
composition and optical properties of these films were investigated. X-ray
diffraction (XRD) studies revealed that all the deposited films were
polycrystallinewith hexagona or cubic structure and exhibited [002] or [111]
preferential orientation, respectively. The film deposited with [S]/[Cd] ratio
=2.5wasfound relatively well crystallized. It showed large final thickness
and its surface morphology was composed of small grains with an
approximate size of 12 to 21 nm and grains grouped together to form large
clusters. Energy Dispersive X-ray Analysis (EDAX) revealed that thisfilm
was nonstochiometric with a dight sulphur deficiency. This film exhibited
also an average transmittance value of about 79 %inthevisibleand infrared
regions. © 2011 Trade Sciencelnc. - INDIA
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INTRODUCTION

Amongst of the chal cogenidethin filmslike PoS,
CdS, ZnS, MnS, CdS gppear asan interesting materia
for using as n-type window layer for p-CdTe and
chal copyrite-based solar cellssuch asp-CulnSe,, and/
or p-Cu(In,Ga)Se, (CIGS)™. Thisisbecause CdS has
high transparency, wide and direct band gap transition
(2.42¢eV), photoconductivity, high eectron affinity and

n-type conductivity. CdS can also beused in alot of
applicationsincluding e ectronic? and optod ectronic
deviced?. Undoped and doped CdS thin films have
been reported using different methodsviz. Sol-Gel dip
coating (S.G), spray pyrolysis(SP)®®, chemicd bath
deposition (CBD)®, RF-Sputtering (RFS)[™, metal
organic chemical vapour deposition (MOCVD)®,
successive ionic layer adsorption and reaction
(SILAR)®, and pulsed laser ablation (PLA). Among
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thesemethods, the CBD techniqueisrdatively smple,
low cost compared to other methods requiring vacuum
environment and its capableto yield filmswith good
qudlity at optimum growth conditions.

Theamof thispresent work isto study theinfluence
of [S)/[Cd] ratiointhesolution (thioureato cadmium
chloride concentration) on the crystalline structure,
surface morphol ogy, chemical composition and optica
propertiesof CdSthinfilmsprepared by chemical bath

deposition.
EXPERIMENTAL PROCEDURE

CBD isatechniqueinwhichthinfilmsaredeposited
on substrates immersed in dilute alkaline solution
containing metd ionsand thechd cogenidesource. This
method of deposition usually usesacomplexing agent
to control the slow release of metal ions (Cd?*) and
sulphur ions (S*) to produce the controlled
homogeneous precipitation of the film on the solid
substrate. When the complexing agent is ammonia
(NH,), the possible chemical reactionsto form CdS
filmsareasfollowg™:

Cd(NH,)?" <> 4NH, +Cd*
SC(NH,),+0OH™ > SH +CH,N,+H,0
SH +OH © S* +H,0

Cd* +S* & CdS

Inthiswork, theinitial solutionsto e aborate CBD-
CdSfilmswere prepared from anhydrous cadmium
chloride (CdCl.), thiourea ((NH,),CS), ammonia
(NH,), ammonium chloride (NH,Cl). Cadmium
chloride of 0.12 M and thiourea of 0.3 M were
employed as the cadmium and the sul phur sources,
respectively. Ammonia of 10 M was used as a
complexing agent. Firstly, 3.75 ml cadmium chloride
solution was added to 112.5 ml of de-ionized water.
Thereafter, 15 ml ammonia solution was added at the
sametimewith 15 ml ammonium chloride solution of
0.01 to 2 M to adjust the pH at about 10 under the
control of a pH meter. Pre-treated commercial
microscopedides(1.5x2.5 cm?) wereinsarted verticaly
into the bath and the sol ution was heated at appropriate
temperature (between 60 and 90°C). Finally, when a
desired temperaturewas obtained, 3.75 ml of thiourea

@)

solution wasadded under stirring conditionto ensure
homogeneous distribution of the chemicals. Thetotal
volume of solution was 150 ml. After deposition, the
substrates wereremoved from the chemical bath, and
cleaned for several timeswith de-ionized water, then
driedinair.

Theasdeposited filmswereyellow in colour and
foundto beuniform, pin holes-freeand srongly adherent
totheglasssubstrates. Their thicknesswas cal cul ated
by using gravimetric method and it wasfound to vary
from 400 to 800 nm. The structure, crystallinity and
phase of the CdSthin filmswere determined by the X -
ray diffraction (XRD) analysis, using CuK a radiation
with 20 ranging from 15° to 70°. The surface
morphology of thefilmswas characterized by scanning
electron microscopy (SEM) and atomic force
microscopy (AFM). Thechemical composition was
performed withan EDAX spectrometer attached to the
scanning electron microscope. In order to determine
theband gap energy of CdSinthinfilmform, theoptica
transmission studieswere carried out inthewave ength
range of 300to 2500 nm, usingaSHIMADZU 3101
PC UV-VIS-NIR spectrophotometer.

RESULTSAND DISCUSSION

Crystal structuredetermination

Figure 1 showsthe X-ray diffraction diagrams of
CdSthinfilmsprepared with different [S]/[Cd] ratios
at solution temperature of 75°C for 60 min. A single
diffraction pesk at 20 = 26.7° is observed for the all the
deposited films. The interplanar spacing value
corresponding tothisdiffraction pesk (d,, =3.34 A)is
compared withtheASTM DATA™, Thissuggest that
theobtained filmsare crystallized inthe hexagond or
cubic structurewith apreferred orientation along the
[002] or [111] direction, respectively. However, M.
Karimi etal.™¥ A,

Cortes et a.[* and H. Moulkia et al.*, using
chemical bath deposition and other techniques, have
been found acubic structure of CdSfilms. Infact, de-
pending on the preparation method, cadmium sulphide
can existin both spha erite cubic and hexagonal forms,
but thelatter structureismore stabl€®l. In additionthe
hexagona structure of CdSfilmsispreferabletousein
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Figurel: X-ray diffraction patter nsof CdSthin filmselabo-
rated with different [S]/[Cd] ratiosat 75°C for 60 min : (a)
[S/[Cd] =1 (b) [S)/[Cd] =2,(c)[§/[Cd] =25, (d) [S]/[Cd] =3
and (e) [S)/[Cd] =5.
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Figure2: Variation of CdSfilm thicknesswith [S]/[Cd] ratio.
solar cd| applicationsbecausethelaticeparameter mis-
matchwith CulnSe, (1.2%) compared to that of cubic
CdS (0.7%). Furthermore, Figure 1 shows that the
whole X-ray diffraction diagramsexhibit abroad hump
near the (002)/(111) peak at 26 = 26.7°, which is due
totheglasssubstrates. It isa so observed that thein-
tensity of the (002)/(111) peak increasesand it’s full
width at half maximum (FWHM) decreaseswhen[S]/
[Cd] ratioincreasesupto 2.5, indicating animprove-
ment of thecrystalinity. In contrary, filmsprepared with
[S]/[Cd] ratio greater than 2.5 show adecrease of the
(002)/(111) peak intensity and an increase of its
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FWHM, indicating adegradation of the crystalinity.
Figure2 depictsthevariation of CdSfilmthicknesswith
[§/[Cd] retio. It showsthat thefilmsthicknessincreases
when [S]/[Cd] ratio increases up to 2.5 and then de-
creases afterwards. Theincrease of thefilm thickness
with [S]/[Cd] ratio isprobably dueto the decomposi-
tion of reactantsand production of ionswhich are nec-
essary for filmsformation, whilethe decreaseoneis
explained by thedissol ution of the preformed CdSfilms
and the desorption phenomenon. The same behaviour
isalso observed for other chal cogenide materidspre-
pared by CBD method such as ZnS* and MnS*8,
The lattice parametersa, and ¢, or a_ are calcul ated
from the pesk at 20 = 26.7° using the formula of hex-
agonal (Equation 2) or cubic (Equation 3) system, re-
spectively. The values are found to be g, = 4.13 A,
c,=6.70A withc /a,=1.63anda. =5.78 A, which
arecloseto thevaluespublished intheliterature™.
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Theaveragecrystallitesize(D,, ) of CdSfilmsare

estimated from the X -ray diffraction patternsusing the
Scherrer formulad®:

A

Bria COS(B) “)

Where )\ is the wavelength of incident radiation (A
= 1.544 A), B,,, is the full-width at half maximum
(FWHM) of therespectivediffraction peak and 6, is
the Bragg diffraction angle. The calculated values are
reported in TABLE 1. Asit can beseenthevaluesare
found in thenanometer region (10—21 nm), indicating
that the polycrystalline CdS films are made up of
nanocrystd particles.
TABLE 1:Averagecrystallitesize(D,, ), band gap (Eg) and

averagetransmittancevalues(% T) of CdSthin filmswith
varyingratiosof [§)/[Cd].

dhkl =

D=09

[S)/[Cd] Eg Average Average crystallite
(eV) transmittance (%) size (hm)
1 2.37 69 12+3
2 2.39 71 17+4
25 244 79 21+5
3 242 75 19+4
5 2.36 66 10+2
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Figure3: S.E.M micrgraphsof CSthin filmsdeposited
with different [S)/[Cd] ratios: (a) [S)/[Cd] =1, (b) [S)/[Cd] =2,
(©)[9)/[Cd] =25, (d) (d) [S]/[Cd] =3and (e) [S)/[Cd] =5.

Surfacemor phology

SEM micrographs of the surface morphol ogy of
CdSfilmsprepared with different [S]/[Cd] retiosin the
solution (1, 2, 2.5, 3 and 5) are shown in Figure 3.
Thesemicrographs show that the obtained filmshave
good adherence on the substrateswithout pinholes or
cracks. In addition, thefilmsare covered by spherical
grains, whosetheir sizeand density increase noticesbly
when [S]/[Cd] ratio increases from 1 to 3 and then
decrease afterwards. It is also observed from the
micrographs (Figure 3(b), (c) and (d)) that a small
particlesaregrouped to form larger clustersdiscreetly
digtributedinthefilms. Thisindicatesthat themechanism
film formation is may be due to cluster-by-cluster
deposition (homogeneous mechanism). The average
crystallite size of thesefilmsvaries between 500 and
1000 nmwhilethat estimated by Scherrer’s equation
varies between 12 to 21 nm. These values are much
lessthan thoseobtained from SEM andlysis. Thisiscan
beexplaned by agglomeration of small particlesof CdS
to form large clusters. To have more details on the
surface morphology of CdS films, Atomic Force
Microscopy (AFM) analysisisused. Figure4 presents
3D AFM imagesobtained by scanning an areaof 20um
X 20pm of the surface of CdS films deposited with [S]/
[Cd] ratio=2.5. It showsthat the surfaceiscomposed
of smdl grainswith an gpproximatesizeof 15to30nm
and grainsgrouped together toformlarge clusterslike
a cauliflower with a mean size of 200 to 500 nm,
confirming theresultsobtained by X-ray diffractionand
SEM analysis, respectively.

Mo A
\_«.
s

20 um
Figure4: 3D AFM micrograph of CdSthin film deposited
with[S]/[[Cd=25.
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Figure5: EDAX spectrum of CdSthin film deposited with

[SI/[Cd] =25.

TABLE 2: EDAX analysisof CdSthin film deposited with [S]/
[Cd=25.

4D

Cd S 0]
72a% 37,7a%

Element
Percentage 7,6 at.%

[Sl/[Cd]
0,94

Composition analysis

Figure5 presentsthe EDA X spectrum of CdSthin
filmsprepared with [S]/[Cd] ratioequa t0 2.5. It shows
peaks of Cd, Sand someimpuritieslike, Si, Ca, Na
and O which are originated probably from the glass
substratesand deionised water, repectively. Theatomic
concentrationsfrom EDAX andysisand the calculated
atomicratio are presented in TABLE 2. Asit can be
seen, the[ S]/[Cd] atomic ratio is0.94 suggesting the
presence of sulphur vacancies (excess of cadmium) in
thedeposited films, which act asdonors, leading to n-

type
Optical properties

The optical properties such as transmittance,
absorption coefficient and band gap energy of CdSthin
filmsare determined from thevariation of theoptica
transmisson with wavelength (1) in the range of 300 to
1500 nm. Figure 6 shows the optical transmittance
spectraof the CdSfilms e aborated with different [S]/
[Cd] ratios. Asit can be seen, thefilmselaborated with
[S]/[Cd] ratio equa sto 2.5 exhibit ahigh transmission
of about 80% in thevisibleand near infra-red regions.
Thiscanbeexplaned by arelatively better crystdlinity

—== Fyf] Paper

and good stiochiometry of thesefilmsasitisshown by
X-ray andysisand EDAX anadysis.

By usngtheTaucrdationshipwhichisgivenbythe
formula?Y:

(ahv) = A(hv-Eg)" ©)

Inwitch (hv) isthe photon energy, (Eg) isthe opti-
cal band gap of the semiconductor,Aisa
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Figure 6 : Optical transmission spectra of CdS thin films
prepared with different [S)/[Cd] ratios.
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Figure7: Variation of (ahv)? with photon ener gy with pho-

ton energy (h v) for CdSthin filmselabor ated with different
[S)/[Cd] ratios

——, Pty Science

Au Tudian Yournal



404

Structural, morphological and optical properties of CdS thin films

MSAIJ, 7(6), 2011

Full Poper =

conductivity constant and n = 1/2 for direct band
gap semiconductor such as CdS, the optical band gap
vaueof the CdSthinfilmsisestimated by extrapolation
of thestraight line of the plot of (ah v)? versus photon
energy asitisshowninFgure7. Wefoundthat thevaue
of (Eg) for thefilmsprepared with different [S/[Cd] ratios
variesfrom 2.36t0 2.44 eV, whichisin agreement with
thevaluereported by other authorg? %,

CONCLUSION

CdSthinfilmsweredeposited by CBD method on
glass substrates at 75°C for 60 min. Anhydrous cad-
mium chloride (CdCl,) and thiourea (CS(NH,), were
used as sources of cadmium and sul phur ions respec-
tively. Theoptimd [S]/[Cd] ratio wasfoundto be2.5.
Thefilm prepared withthisratiowasre ativey wdl crys-
tallized and had hexagond or cubic structurewith apref-
erential orientation along the[002] or [111] direction,
respectively. It has showed dso largefina thicknessand
itssurfacemorphol ogy wasconsisted of smdl grainswith
an approximatesizeof 15to 25 nmand grainsgrouped
together toformlargedugerslikeacauliflower. Thecom-
position study showed thet thisfilmwasnongtochiometric
withadight sulphur deficiency leading to n type conduc-
tivity. Thisfilm exhibited a so agood transmittance of
about 79 %in visibleand near infra-red regions of the
€l ectromagnetic spectrum soitispossibleto usit asa
window layer inhighefficiency thinfilmsolar cellsbased
on CdTeand Cu(In,Ga)Se, (CIGS).
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