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ABSTRACT

This research deals with the study of the strutiamd some optical properties of as-deposited GaS5@dS:Li
thin films, grown on ultrasonically cleaned glasbstrates at 300K by sol-gel spin-coating technigith the spin speed
and spin time of 1000 rpm and 10 seconds, anndaledinealing temperatures 623K during 150min intaidgurnace.
XRD analysis revels that the films crystallize wlyzrystalline hexagonal structure. The averagstatite size of CdS:0,
0.05, 0.1, and 0.15 mol% Li thin films calculatedrf the most intense peaks are equal to 8.666r84,.8m, 9.933nm,

and 11.112nm, respectively. The optical transmitavalues of CdS film reaches to 91.8% inter VI&gker than 5005)

and NIR regions, then decrease to 89.3% for 0.1Bmiad, which is important for its applications asndow layers in
solar cells. The values of optical energy gap o$@dd Li doping by 0.05, 0.1, and 0.15 mol% wenea¢tp 3.08 eV, and
2.97, 2.93, 2.89 eV respectively. Dielectric constnd loos had been investigated in this work.
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INTRODUCTION

Cadmium Sulphide (CdS) is one of the important IMgroup semiconductor, belonging to the cadmium
chalcogenide family continues as a subject of sgetresearch due to its potential applications lars®lls especially as a
window material because of its a very suitable bgap 2.42 eV and stability [1]. A number of filmpbsition methods
such ashermal evaporation in vacuum deposition (TEVEputtering technique, chemical vapor deposition Bg\pulse
laser deposition (PLD), thermal pyrolysis depositiofPD),and sol-gel spin-coating technique, havenbesed for
preparing 1l-VI compound. Among these, spin-coatieghnique is one of the important used methodschwiis
extensively studied as a matrix material methodramluce nanocomposites because it gives a higkeifispsurface area,
superior homogeneity and purity, better microsurcadtcontrol of metallic particles, narrow poreesemd uniform particle
distribution [2]. In this article we report abotiet preparation of nanocrystalline CdS thin films atso discuss about the

effect of volume percentage of Li doping on strugtuand some optical properties of the preparefl thh films.
MATERIALS AND METHODS

Thin film of cadmium sulphite (CdS) were depositatglass substrate by using sol- gel technique. different
path compositions were used. The first one a pegpfiom pure CdS two solutions the first one waseed by mixing
0.6 ml polyethylene glycol (PEG 400, Merck), 0.5 agketic acid(CKHCOOH) and 8.9 ml of ethanol (GEH,OH), then
stirred one hour, and the second was prepared ingni0.2 M Cadmium nitrate (Cd(Ng) and 0.1 M thiourea
(CS[NH;],) was dissolved in 100 ml ethanol and stirred foe diour. Solutions 1 and 2 were mixed togethersdinced
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again for 4 hours to obtain the final sol-gel. Tdexond path achieved by adding exact volumes dfl @fL Lithium
chloride (LiCl) (which is prepared by dissolving @61 g of this salt in 100 ml ethanol) to prepdiféerent mole ratio of
Li as a dopant on CdS to deposited on ultrasoricad#aned glass substrates at room temperatureKj30Q sol-gel
spin-coating technique. The solution was dropped glass substrates at spin speed of 1000 rpmOf@etonds, dried on
hot plate at 126C for 1 hour and then annealed to annealing teryre1623K during 150min in digital furnace.

BASIC RELATIONS

The relationship between diffraction angle and distance between parallel atomic planes (d) isrgive the

Bragg's law [3].
2dsing = i Q)
Whereo is the Bragg angle, n is an integer adnid the wavelength of the incident X-ray beam.
The crystallite size (D) of the films is estimategthe Debye-Scherrer formula [3].
D = 0.91A/p cos® )

Where is the X —ray wavelength (Cuk= 1.5405 A),f is measured in radian as full width at half maximu
(FWHM) of the diffraction peak.

The dislocation densityd) and strain ) of CdS nanostructures were determined by thevatg relations,

respectively [4].
§=1/D0 ®3)
ande =B cod /4 (4)
In addition, the lattice parameters a and c¢ of celitare calculated by following relation [3]:

2 AlRP+Re+R®y | 0°

g ===+ (5)

The equation for the energy gap is given by[5] :
ahu =B (hu -, (6)

Where E;’p"is the optical energy gap, B is the constant depeimh type of material, r is the exponential camsta

its value depended on type of transition, r =2tfigr allowed direct transition, and r =3/2 for thebidden direct transition.
The transmittance part of incident light T is degieq ona through the following equation [6].
T =exp(-2.303 A) (7)

Where A is the absorption. Thus the absorptionfaeiit a corresponding to any wavelengtitan be calculated

by applying the relation [5]:

a = 2.303 Alt 8)
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Where t is the thickness.

RESULTS AND DISCCUSSIONS
X-Ray Diffraction XRD

The X-ray patterns with the monochromatic Cu liie (\=1.5405 A) of spin coated pure CdS and Li (0.0%, 0.
and 0.15 mol%) doped CdS thin films of thicknessessistently around 80 nm, grown on ultrasonicalganed glass
substrates at 300K with the spin speed and spia 61000 rpm and 10 seconds, annealed to annealmgeratures
623K during 150min are presented in Figure (1). Pbaks of the XRD were observed betweef & 70 at room
temperature. The spectrum of Cd8d CdS:0.05% Li thin films exhibited peaks at 650, 26.502, 28.246, 36.815,
43.217) and (24.724, 26.488,28.273, 43.789, 47.B0A) corresponding to the (100),(002), (101), (1020)1dlanes, and
(100),(002),(101), (110),(103) planes, respectivelZPDS card No: 06-0314),with a preferential daton of (002)
plane. For CdS:0.1, 0.15mol%Li thin films exhibitgmbaks at (25.072, 26.530,28.342,44.180,47.791) (@Ad703,
26.463,28.102, 43.788, 48.706) ifi orresponding to the [(100), (002), (101), (11@)0R3)] and [(100), (002), (101),
(110), (103)] with a preferential orientation o0@) plane. Changes that have occurred in the iityeosthe main peaks
are scribed to the rotation of some crystallindrgraluring the preparation processése same phenomena have been

observed for Zn doped CdS thin films reported gy [7

The pattern indicate that all the samples are ppdyalline hexagonal structure. Apart from thesakse no
diffraction peaks of metallic, impurity phase likgO or LbO are detected in all the CdS pattern with Li dgpivhich
imply that Li atoms are solved successfully in @&S host structure. Generalliycan be notice from such Figure that the
diffraction peaks shifted towards highetr 2alues with lithium additions, which is confirmisat the doped Li substitutes
Cd in Li doped CdS samples. This may be due testhaller ionic radii of Li* (0.76 A) [8] when compared with that of

Cd*?(0.97 A) [9]. Calculated lattice parameters of GO film, a = 2.d; 5 /V3ande = 2. 500 , Obtained from the

position of the peaks (100) and (002) [10].Thedatparameters a = 4.167A and ¢ = 6.726 A are thjigieater than bulk
CdS lattice parameters a=4.136 A, and c= 6.713% € card No: 06-0314). This indicates that the dilare under
tensile strain along the (002) plane parallel te substrate surface [11].The lattice parameter€df$:0.05, 0.1 and
0.15mol%Li thin films, a=4.157,4.101, 4.161 A ,ambc730, 6.719, 6.736 A, respectively. The averagstallite size of
CdS and CdS:Li of various compositions 0.05, Orid @.15 mol% thin films calculated from the moseimse peaks are
equal to 8.666, 9.341nm, 9.933nm,and 11.112nm césply. Crystallinity is found to improve with inease in doping
concentration. The change in the values of dislosadensity§), and straing) of CdS nanostructures follow the change
that has accompanied the crystallite size, whistedi in Table(1). It has been found that when tha&rsincreases the
crystallite size decrease, because of the delagpexiat growth which is due to the pressures thatinarease the lattice

energy and reduce the driving force to growth [12].

Table 1: Values of Crystallite Size, Dislocation Dwsity and Strain of CdS and CdS: Li Thin Films

Symbol Crystallite Size (nm) | Dislocation Densityd( 10" (Line/m? | Strain ()
Cds 8.666 1.33156 0.243490352
CdS:0.05mol%Li 9.341 1.14607 0.214959747
CdS:0. 1mol%lLi 9.933 1.01353 0.21084823
CdS:0.15mol%Li 11.112 0.809 0.198678278
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Figure 1: XRD of Deposited CdS: Li for : a- Pure Ccb, b- 0.05 mol % Li, c- 0.1 mol % Li, and d- 0.15 wl %

OPTICAL PROPERTIES

Transmittance (T)

The optical transmittance spectra of spin coated @dS and Li (0.05, 0.1, 0.15 mol%) doped CdS fitims of
thicknesses consistently around 80 nm, grown ossgdabstrates at RT with the spin speed and spandf 1000 rpm and
10 seconds, after annealing temperature at 623Kgital furnace during 150 min, where investigatesing UV-Visible
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Spectrophotometer in the wavelength range of 30@ant100 nm as shown in Figure (2).

All films exhibit good transmittance that excee®3.0 -91.8%) inter VIS region (longer than 500AdaxdIR
radiation of spectrum for CdS and exceed 83% riggfore the absorption edge, but it decreases witigl doping
concentration of lithium (0.15 mol% Li), to the g (77.4 -89.3%) inter VI region (longer than 50@&)d NIR radiation
region and exceed 70% right before the absorptigee These findings are higher than the resulta oumber of
researchers have made a study the compound CdSavith thickness prepared in a manner similar tgthparation of
our study and in other ways too[13, 14,15,16,17]eA shift (higher wavelength side) in the absomtedge towards
lower band gap is noticed in all Li doped CdS tfilims. The high optical transmittance is advantageteatures of CdS
thin films that works as filters, and antireflectiooating to improve solar cell efficiency, sostreduce the energy loss in
the incident radiation to its minimum value. Thecedmse in transmittance of the films with the inseeaf

Li-concentration, may be related to increase tlystatlite size, shown from the XRD, where the ligpihotons) scattering
on their rough surfaces.[18,19].
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Figure 2: Transmittance as a Function of Wavelengtlof CdS and CdS: Li

ABSORPTION COEFFICIENT

Figure (3) is a sketch of an absorption coefficigith (hv). It can be seen the absorption coefficient osafhples

(pure and doped CdS) are multiply by {®@> 10 cmi%), so the optical band gap is direct before aner afoping.
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Figure 3: Absorption Coefficient as a Function of Roton Energy of CdS AND CdS:Li

OPTICAL ENERGY GAP (E /™)

The optical energy gaﬁgOpt has obtained from intercept of the extrapolateédr part of the curve with the
photon energy axis (h at @hv)" = 0. The linear nature of the plots at the absmmpedge confirmed that all deposited
films are a semiconductor with direct band gap.seheesults showed that;’ﬁ is depending on doping concentration.
The values of direct optical energy gag?pEdecreases from 3.08eV for the undoped CdS to 293, 2.89 eV for the
doped CdS by 0.05,0.1, 0.15 mol % Li respectivatyshown in Figure (4). This result is in a similath the findings of
worker [20].The higher value of thefEt compared with that of the bulk energy gap of 2%2 Indicates the formation of
nanoparticles and presence of quantum confinemigette in the prepared films [21]. If the sphereta® small, the
movements of the electron and hole are restriateldsa they feel confined which raises the energyired to excite the
electron into the conduction band [21, 22]. Howetlee decreases Eb"pt may be due to the replacement of larger number
of substitutional or interstitial cadmium ions lighium ions to increase the grain size, also duartincrease of the cluster

size or grain size.
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Figure 4: The Energy Gap for the Allowed Direct Transition (ahu)2
as a Function of Photon Energy of CdS and CdS:Li

REAL AND IMAGINERY PARTS OF DIELECTRIC CONSTANTS ( &, &)

The variation of the reak() and imaginary &) parts of the dielectric constant values versuselength in the
range (300-1100) nm for pure C@8d doped thin films with various concentrationlL®f(0.05,0.1, 0.15 mol %) are
illustrated in Figures (5) and (6) respectivelyeTieal part of it is associated with the term thatyv much it will slow
down the speed of light in the material and imaginEart which showed how a dielectric absorb endirgm electric field
due to dipole motion. The real part is the normaletttric constant and imaginary p&rtwhich showed how a dielectric
absorb energy from part represents the absorptisoceted of radiation by free energy. Generallis seen that bot§,
and&; increases with increasing Li contents, as weltasreases with increasing wavelength for all filffise figures

imply that the values of the real part are highantthat of the imaginary part and follow the altrszsne pattern.
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Figure 6: Variation of § as a Function of Wavelength of CdS and CdS:Li
DIELECTRIC IOSS ANGLE

Dielectric loss is a loss of energy that goes ih&ating a dielectric material in a varying electfield.
The variations of dielectric loss with photon enefgr pure CdSand CdS:Li thin films, is represented in Figure. (7)

From the Figure it is observed that dielectric ldssreases with the increase of photon energies.
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CONCLUSIONS

CdS thin films have been successfully preparedhieysbl-gel spin coating method. XRD studies of Gahd
CdsS: 0.05,0.1, 0.15 mol % Li films indicated thenfiation of nanocrystalline with polycrystalline lagonal phase, and
the average crystallite size are equal to 8.66819m, 9.933nm,and 11.112nm respectively. The dppith Li did not
effect on the nature of crystal structure of CdBe Tilms have allowed direct transition and theiegitenergy gap values
(2.89-3.0&V) are greater than the bulk energy gap, whicimdgcates the formation of nanoparticles and preseuf
guantum confinement effect in the prepared CdS @d8:Li films. The optical gap decrease with inchegsdoping
concentration. All films exhibit good transmittanetiich makes it suitable as a window in solar cBflere is increase in
both €, and&; with increasing Li contents, as well as decreasi#ls increasing wavelength for all films. Dielectrioss

decreases with the increase of photon energies.
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