Available online at www.scholar sresear chlibrary.com

Scholars Research Library & F s
(2] °
Scholars Research g %
Archives of Physics Research, 2014, 5 (3):40-48 5 ¢ 9% 2
(http://scholar sresear chlibrary.com/ar chive.html) % Y

Library
I SSN : 0976-0970
CODEN (USA): APRRC7

pH dependent structural, optical and electrical propertiesof chemically
deposited CdSthin films

S. M. Patil and P. H. Pawar

"Z. B. Patil Arts, Science and Commerce College, Dhule, India

ABSTRACT

CdS thin films were prepared by chemical bath deposition technique (CBD) onto the glass substrate at 65 °C. In
order to study the effect of pH on structural, optical and electrical properties of thin films. AR grade cadmium
sulphate, thiourea use as starting precursor for preparation of thin films, while triethyamine (TEA) used as
complexing agent. As prepared thin films were studied using different analytical technique XRD, SEM, EDAX and
UV-spectrocsopy to known crystal structure, surface morphology, elemental composition and optical band gap
energy. It was observed that as pH of the films significantly effect on films thickness, crystallite size, grain size band
gap energy and activation energy of prepared thin films of CdS. The result are discussed and interpreted.
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INTRODUCTION

Now day’scurrent interest in the creation of semiconductimnig films on surfaces by a variety of self-orgamgz
techniques have focused on their application intgdenducting and molecular electronics. Such sendaoting
thin films exhibit novel electrical, mechanical,echical and optical properties [1]. CdS thin filmsldng to wide
direct band gap semiconductors and their energd lgaps is 3.42 eV [2Difference in their band gap widths is
also found to be very effective way to slow theorabination of electron—hole pairs. Such propertgssguently
increases photo catalytic activity in solar celplgations [3-6].

In recent years, high priority has been given teettp low-cost deposition technique to deposit @ds films [7].
Though various deposition techniques such as elbgposition, screen printing, sputtering , sprasolygis [8-11]
have been reported, chemical bath deposition (OBEthod has attracted much attention since it iocored as a
simple and promising technique to obtain devicdityufims.CBD is a simple which is also used topdsited the
semiconductor on photovoltaic devidehe CBD method appears suitabide large area industrial process because it
is the least expensive and a low temperature metAndther advantage of the CBD technique is itditgbio
deposit very thin films (50 nm) in a conformal manmn a rough substrate surface. The rate of graw@BD is
controllable by pH, temperature, time of dippingldhe relative concentrations of the reactanthiénltath solution
[12].

CdS thin films are important materials, due to ttheide applicability in photoluminescence, transgvdr
semiconductors, photo catalysts, piezoelectritiy,light emitting devices, varistors and opticalaes[13-16].

In this work, CdS thin films were prepared by cheshibath deposition technique. Crystal structuned surface
morphology properties were studied using X-raydiffogram (XRD) and scanning electron microscopeV(SE
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Elemental composition was studied using energy alfpe spectrophotometer (EDAX).Optical propertyswa
investigated using UV-Spectroscopy. Electrical amiyity measured by two probe method. Thermoeiegower
set up (TEP) used to determine type of material.

MATERIALSAND METHODS

This method allows the deposition of very thin 8lpof the order of a few nanometers and it is asy ead
inexpensive chemical bath deposition technique.gihesical properties of the chemical depositio€d§ films are
dependent upon the growth parameters such as thetdraperature, the relative concentrations of vgous
reactants in the solution the pH value and the tfpgubstrate. The chemical bath deposition teatmigas used to
deposit the thin films ofadmium sulphide on glass substrate. The startiagmals used were cadmium sulphate
and thiouredMade: Sd-fine 99.99% purified). Triethanolamine AjBvas used as a complexing agent. Ammonia
solutions were used to adjust pH of the reactiortumé. In order to obtain good quality of thin fémfollowing
parameter were adjust such as deposition time,deatyre of deposition. pH of the solution is vdr{@ to 10.5) by
addition of liqguid ammonia drop in the preparedutioh. The optimum value of time, temperature ahtlvpere
tabulated in Table 1.as the prepared CdS thin fdarsples were annealed at Z@0for 10 min. and referred as
sample S1, S2, S3 and S4 respectively.

Table 1. Optimum parameter to obtain nanocrystalline CdSthin films

Deposition parameter Optimum value/ item
Deposition time 80 min.

pH 9,9.5,10 and 10.5
Concentration of precursor Cadmium sulphate, Tieia. 0.1 M

Solvent Deionized water
Deposition temperature 65°C

2.1. Effect of pH on growth of CdSthin films
The variation of pH during the growth is importamthe structural film quality and was observedexpentally. It
was found that, for low pH the Cdion concentration in solution is more due to lessiplexation of Ctf ions and
the homogeneous process takes place at slow ratdtimg in a lower thickness. At high pH the ‘Cdon
concentration is less due to higher complexatian$uon concentration is more that gives higher ddjosirate
[17].

RESULTS

3.1. Thickness Measurement of thin films
The film thickness was measured by a weight diffeeemethod [18] in which weight of the sample, aaed
densities were considered. The thickness, samplghtivend sample area are related as:

t = M/Ap -----mmmmmmeee- (1)
Wheré\l is the weight of the sample gm,
A the area of the samplerirf ¢
apdthe materials density in gm ¢in
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Fig. 1: Thicknessof the CdSthin films deposited at different pH valuesfor a constant deposition time of 80 min.
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Fig. 1 shows the variation of the thickness for @S films as a function of pH value of the reactinixture for a
constant deposition time of 80 min. It was cleaben from figure 1 that the thickness of the depdsfiims
decreased from 810 to 765 nm with increase in pldega The bath temperature can be effectively tsantrol

the rate of CdS formation.

3.2. Structural properties

3.2.1. X-ray diffraction:
The structures of the film was analyzed with X-diffractogram ((Miniflex Model, Rigaku, Japan) ugitCuKa

radiation with a wavelength of 1.542 A.
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Fig. 2: (a), (b), (c) and (d) shows X-ray diffractogram of CdSthin films.

The structural characterization is very importanekplaining structural, microstructural and elieetrproperties of
CdS thin films. The X-ray diffraction patterns weegorded from 20 to 8@&s shown in Fig. 2 (a) — (d).

The XRD results show that all the films were nagstalline in nature with cubic phase of CdS. lbbserved from
Fig. 2 (a), (b), (c) and (d).The observed peak®)1®02), (101), (102), (110) and (103) are matdth standard
JCPDS data of CdS[19]. The intensity of (100) plaeereases with increasing filfi pf CdS thin films, similarly result
were observed by A. Kariper et al [20].

The average crystallite size of CdS thin film skmmvere calculated by using the Scherrer formula,

D = 0.®9/Bcoy (2)
Where,= Average crystallite size
4 = X-ray wavelength (1-542 A)
S = FWHM of the peak
6= Diffraction peak position.

The average crystallite size was presented in Table

Table 2: XRD parameter s observed for samples S1, S2, S3 and 4.

hkl plane 20 degree d values FWHM Crystallite size

S1 S2 S3 S4 S1 S2 S3 S4 S1 S2 S3 sS4
100 26.59 3.33 3324 3324 3324 0996 0.998 1.100 1.123 23 21 19 17
002 31.79 2.620 2.621 2.621 2.611 0.656 0.658 0.660 0.665 36 34 30 28
101 34.46 2402 2401 2401 2401 1.437 1.439 1.439 1442 37 36 19 16
102 36.29 1.789 1.790 1.790 1.790 0.557 0.559 0.561 0567 35 34 32 29
110 37.96 1502 1.503 1.504 150 1.336 1.335 1.340 1342 26 24 21 18
103 56.62 1.211 1.210 1.210 1.21 0.413 0.411 0.417 0421 37 36 33 31

Table 2 shows the XRD parameters observed for smrpl, S2,S3 and S4 such as ‘d’'values, full widthadf

maximum values of the films and average grain siitk the variation of composition of 'n CdS thin films (S1 to
S4). The FWHM value increases as decreasing ikrbis indicating a better crystallinity of the fdrf21]. Also

Fig. 2 shows crystallinity decreases from S1 to Bfis means that the crystallinity becomes bettehigher for
sample (S4). The average crystallite size decresisesncrease in Pand r epresented in Table 2.

3.3. Microstructure Study

3.3.1. Scanning e ectron microscope

The surface morphology of the prepared film wasyareal using a field emission scanning electron oscope
coupled with energy dispersive X-ray analysis (EDASEM, JEOL. JED 6300).
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Fig.3. SEM images of CdSthin film sample S1, S2, S3and 4

SEM imaged of CdS thin films were represented ig.3:i Scanning electron microscope resolve nandgarti
associated with the film even at high magnificatioin“20E+3” Fig 3(a) (b) (c) and (d) shows the spta
formation of the particle for CdS thin film. In fi@(a) shows agglomerations of the grains. Graia sias tabulated
in table 3.

3.4 Quantitative elemental analysis (EDAX)
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Fig. 4 EDAX of CdSthin film film sample (S3)

The quantative elemental composition of CdS thim fivere analyzed using an energy dispersive speetier.
Fig.4 shows as the prepared CdS thin film was mdéctgbmetric in nature.

Table 3. Quantative elemental analysisas prepared CdSthin films

Element Observed
S1 S2 S3 sS4
wt % at% wt % at% wt % at% wt % at %
S 33.60 4056 34.37 6581 28.23 4340 26.23 45.40

Cd 66.40 59.44 65.63 3419 71.77 56.60 73.77 54.60
Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

Table 3 indicate that the formation of CdS thim8l. It shows nonstoichiometric formation.
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3.5. Optical properties using UV -spectr oscopy
The optical absorbances of the films were measusaty UV-visible-2450 spectrophotometer at roomgerature.

10

—— 51 i 5,2 i 53 i 5.4

9

alpha 10%(cm?)
(=]

Energy{ev)

Fig. 5. Plot of the (ahv)? vs photon ener gy (hv) for samples S1, S2,Sand 4.

Optical characterization of thin films gives infoatron about other physical properties, e.g. bam eyzergy and
band structure and optically active defects ete &ffect of P on the optical absorbance and the band gap (Eg)
values of the CdS thin films have been studied.

The optical gap (Eg) of the film can be obtainedphytting @hv)? vs hv and extrapolating the straight line portion
of this plot to the energy axis. The photon enexgjshe point whereafiv)?is zero is Eg. Table 4 gives the optical
band gap values obtained by extrapolating the lipeation of the plots ofofw)? versus (k) to o =0. These plots
are given in Fig. 5 for the films S1, S2, S3 and IB#& seen that the slight decreases in the alptiand gap of the
films with the increasing film thickness can baihtited to the increase in the grain size. Anotieason could be
the improving crystallinity with increasing graiize. This means that th& plso affects the band gap of the film.

Table 4: Measurement of p™ of thin film, film thickness, crystallite size, grain size and optical band gap ener gy

Sample p" Thickness Average crysallite from Averagegrain size from SEM Optical band gap from UV-
No. (nm) XRD (nm) (nm) VIS (eV)
S1 9 810 17 39 3.20
S2 9.5 788 19 36 3.31
S3 10 776 21 33 3.36
S4 10.5 765 23 27 3.44

The values of the film'pare given in Table 4 It is also clear from tablehat crystalline size, grain size goes on
decreasing with increase iff pf the thin films, while optical band gap energgreases for thin films samples S1,
S2,S3 and S4. This may be due to the improvemethigicrystallinity with increase inpwhich leads to minimum
imperfection. It seen that the slightly increas¢hi@ optical band gap energy of the films with easing film in pH
can be attributed to the decrease in the cryséallimd grain size. Another reason could be improeiygtallinity
with decreasing grain size. This means that thi'ialso affects the band gap of the film, The resutigests the
band gap energy of thin films does not depend fegmitly on the f [22].

3.6. Electrical properties

3.6. 1. Thermoelectric power measur ements:

The p-type orn-type semiconductivity of CdS thin films was confeed by measuring the thermoelectric power of the
thin film samplesThe thermoelectric power (TEP) was measured asifun of temperature in the range between
320 and 400 K. For CdS material, conduction electroriginate from ionized defects such as oxygesanaies,
rendering n-type conductivity. The variation of ttheermo emf with temperature difference for all ga@mples is
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shown in Fig. 6. TEP increases with increase inpeature for all the samples. CdS thin films wedysesved to be
then-type material.
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Fig.6.Variation of the thermo emf with temperature

3.6.2. Electrical conductivity

Fig.7 shows the variation of lo@) with operating temperature. The conductivity ofregample is observed to be
increasing with an increase in temperature. Theea®e in conductivity with increase in temperatcoald be
attributed to negative temperature coefficientesfistance and semiconducting nature of CdS thirsfil
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Fig. 7. Temperature dependence of the conductivity of CdS

It is reported [23, 24] that there is a variatidraotivation energy with thickness. The activateEmergy calculated
from the slopes of line for sample S1, S2, S3 aAd /& films thickness goes on decreasing activatinargy
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increases, there is variation of activation enesifh thickness presented in Table 5. The condugtisiudies on
films show that all the films exhibit two activati@nergy at different temperature regions.

Conductivity was given by relation

oc=c,exp (- E/K) (2)

¥rh,c = conductivity
0, = conductivity constant
k= Boltzmann constant
T= Temperature.

Table5: Measurement of film thickness with activation energy

SampleNo.  Thickness(nm)  Activation energy
( E)
30°C  150°C

S1 810 0.21eV 0.33eV
S2 788 0.23eV 0.36 eV
S3 776 0.27eV 0.37eV
S4 765 0.33eV 0.40eV

It is observed from the Fig. 8 that as the thicknefsthe films decreases, activation energy goemaeasing. The
increase in activation energy may be due to thexghan structural parameters, improvement in chyséaand
grain size [25].

CONCLUSION

The deposition conditions are optimized to obta@SGhin films. The structural investigation usiniRX reveals
that formation of CdS thin films. Our study haveowin that as pH of the film goes on increases, deing
crystallite size, grain size with increase in ogltiband gap energy with activation energy. Miangdtral
properties confirm that the as-prepared CdS tHmsfiwere nanocrystalline in nature. The elementellysis
conferred that as prepared CdS thin films were todctsometric in nature. Electrical conductivitycireases with
increase temperature of the CdS thin films, indigasemiconducting nature. TEP measurement indidhtesas
prepared CdS thin films aretype.
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