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ABSTRACT

In this study, pure and Fluorine (5,10 and 15 wthaped CdS thin films were prepared on glass subdasol-
gel spin coating method dried at temperature 2500fCL5 min. and annealed at temperature 450 °QlforStructural
properties, surface morphology of CdS and CdS:itr fibms have been investigated with respect todbping process.
The X-ray diffraction (XRD) results point to thatet structure of all prepared thin films are polgtajyline in nature and
has a Hexagonal (Wurtzite) phase, CdS and CdO qifzsises was found related to annealing temperatarair ambient.
The average grain size of CdS film was53.4 nm aedeases as fluorine dopant concentration incregdemaximum
value of 97.3 nm for CdS:F (15wt%) so the pure doged films have nanocrystalline structure. Theoihicing of
fluorine does not affect the structural propertiéthe films. The Scanning Electron Microscopy (SEMage for CdS and
CdS:F thin films shows that smooth, uniform morgigyl and plated regularly. The stoichiometry of Gdfrepared films
confirmed by the energy dispersion x-ray spectrpgd&DX) specta. Consequences of atomic force ratmpe (AFM)
images for CdS and Cds:F thin films displayed smaotface texture.

KEYWORDS: X-Ray Diffraction (XRD), X-Ray Spectroscopy (EDX)tomic Force Microscope (AFM), Cds and Cds:
F Thin Films

INTRODUCTION

CdS is one of II-VI compound semiconductor and bhasenergy band gap between 2.82- 2.5eV[1,2]. The
Chalcogenide families are used as window and buffaeterials for CdS/CdTe solar cells, and contirmubé subject of
enormous researches due to their potential apjglicatn high-efficiency solar devices, where Cdfs fiim belonging to
this family[1,3]. The important materials for aggaltion in optoelectronic devices such as photoessnghoto-conducting
cells, transducers laser materials, optical wavieleguand non-linear integrated optical devices[2[dnocrystalline
Cadmium sulfide (CdS) thin film was synthesis bingsan in expensive, easy sol-gel spin coating o@tin microscopic
glass substrates [4,5]. Because of the short atisprigngth and trouble in forming a shallow thilmf joint with a high
conductivity surface layer CdS thin film solar seflre ordinarily made-up as hetero-structures. dewiariety of well-
established deposition techniques including vaceuaporation [2,3], E-Beam Technique[6], ChemicaihBdeposition[1]
spray pyrolysis [7], PLD [8,9], have been used tepare CdSthin films. In this research pure andrihe doped CdS thin
films were synthesis on glass substrate with défierdopant concentration by sol-gel spin coatirchné&ue and the
structural, surface morphology and the optical prtips were investigated with respect to the flob@ridopant

concentration.

Impact Factor(JCC): 1.8207- This article can be dowloaded from www.impactjournals.us




| 126 Adel H. Omranalkhayatt, Ghofran Mohammed Hussein AtHaddad |

EXPERIMENTAL WORK

Sol-Gel spin coating technique was used to syrdhafgpure and fluorine doped CdS thin film on glagbstrates.
Cadmium acetate dehydrate CdEDGC,),.2H,0,thiourea (NH),CS and ammonium fluoride NHA were used as the
source of Ct, S? ions and fluorine dopant respectively. The gldise svere cleaned by distilled water in order tmose
residuals and impurities from the surfaces, they ttipping in methanol for 5 min., and in acetooedne hour, then in
deionized water for 10 min finally the substratéisasonically cleaned inside de-ionized water f&rrinutes and dried
carefully by nitrogen gas. For synthesis of Cd$ tilims 10 ml of methanol is added to 2 gm (7.5myafl cadmium
acetate in order to get a transparent solutiony slentinuous stirring is required. 2gm of thiouseas dissolved in 50 ml
of deionized water with stirring. Then the two s@uns were mixed with stirring for half hour, addif.5 ml of glycerol to
the mixturewith continuous stirring. Another sotutiof 0.57 ml triethylamine in 10 ml of methanobiepared separately.
The second solution has been mixed with the fokiteon of Cadmium and thiourea with continuesrstg for one hour.
Storing the final solution for 2 day at room tengdare. The resulting solution have yellow coloumptetely during
preparation and storing. The coating solution wagpled onto substrates and then the substratesrotated at 1000 rpm
for 30 second using Spin coater (model VTC-100}eAfhe spin coating, the films were dried at 25For 15 min. This
coating/drying procedure was repeated for two tigwed then annealed at 48D temperatures in air for 2 h. The same
procedure were used for synthesis CdS:F thin fhjmsadding 0.1,0.2 and 0.3 gm (5,10,15 wt%) of,NHb the starting
solution of cadmium acetate and thiourea. Strutnm@perties and surface morphology of CdS:F haaenhinvestigated
by using X-ray diffractometer (ADX-270) irfZange 20—70and scanning electron microscopy and EDSX analysiisg
SEM (INSPECT-550). The surface texture of the pregdilms is recorded by an atomic force microscéyM CSPM
model AA3000.

RESULTS AND DISCUSSIONS
Structural and Morphological Properties

Structural Properties of CdS Thin films

The X-ray diffraction patterns of CdS thin film degited at temperature 435G is shown in figure (1). The CdS
thin film is found to have polycrystalline naturedagrown in the hexagonal (wurtzite) crystal stowetand also get cubic
structure. The latter implies that the cubic todgonal transition on heating is a size-driven omasedby sintering and
average grain growth this good agreement with [3{6% observed that the main peaks appeare@®at 24.100°,29.402°,
42.20, 55.340° and 59.622 which are belong to (100)1)1(110),(004) and (104) planes, respectively.

The preferred orientation is (104) & 2 59.622°. The observed diffraction patterns ae# agreement with the
standard data for the CdS JCPDS card (41-1049)wihiticate that CdS thin film is polycrystallingwstture and exhibit
hexagonal (wurtzite) phase. From figure (1) anofitease grown in the cubic (zinc blende) crystalcitire can be found
at (200) and which belong to CdS& 2 33.375° (JCPDS card No. 21-0829). The structiatd for CdS films are in good
agreement with the earlier report presented by &mid(by CBD) [1], A. Abdolahzadeh (by Sol-Gel) [1D Herna” ndez-
Borja (by CBD)[11] and Adnan Nazir (by CSS techmjj{l2]. The diffraction peaks related to cubic Cat35=38.285°
(JCPDS card 05-0640) have been appeared (Figuiihé)presence of oxide phase is due to high terhperprocess and
air ambient where some authors have reported #sepce of CdO at the surface of CdS [10,13,14].
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Figurel: X- Ray Diffraction Pattern Of Cds Thin Film

Figure (2) shows the X-ray diffraction pattern d<CF thin film doping by 0.1 gm (5%)Fluorine andsédeen

annealed at 450 °C for 2h. Four sharp peaks it¢iagonal phase were observed belong to (002)),(20@)(004) and
(104), planes at @=26.460), (26=50.503°), (53.103°), (55.181°), andd(bB1.720°) respectively. These values are
compared with the (JCPDS Card No.41-1049) for Quibitis matched with simple differences. Anothbage grown in
cubic crystal structure can be found at (200) whielong to CdS at@=33.281°compared with the card (JCPDS Card 21-
0829). Cubic crystal structure can be found belogdo the plane (200) which refer to CdO &=38.558° as discussed

previously which compared with the (JCPDS Card Be€)640). From the figure it can be clearly seen geaks with

doping process became sharper and more intense th® figure it is clear that the fluorine dopaid dot affect the

crystal structure of CdS tin films and this resudts in a good agreement with the result of autAded H. Omran [15] and

SalihYilmaz [16].
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Figure2: X-Ray Pattern of Cds:F Thin Film with Doping with 0.1gm (5 %) Flourine

Figure (3) shows X-ray diffraction pattern of Cd3$tn film doping with 0.2 gm (10%) fluorine. It nabe seen
three peaks refer to (100), (004) planes and (202ye at angles of €-25.191, B = 54.429° and @=57.260°)
respectively comparing these values to the car@®RB Card No0.41-1049). Another phase grown in cubicstal
structure can be found at (200) which belong to @d35=33.279° compared with the card (JCPDS Card No82BY)
and cubic crystal structure too can be found ai2@fich belong to CdO at€2=-38.558°compared with the card(JCPDS
Card No0.05-0640). The appearance of CdS cubic pteasée attribute to the drying and thermal annggdrocess where
it can be found at low temperature (about 26) while the hexagonal phase grown-up at high teatpee (more than
35(PC). The critical point for such phase transitiorbaieved to be 308C, above which hexagonal phase predominates
over cubic phase, this result are in a good agreemigh the earlier report presented by [16,17,22@Q,21]. From the
figure the prefer orientation at@257.260) of (004) of polycrystalline hexagonal phas CdS: F as comparing these
values to the cards (JCPDS Card No0.41-1049).
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Figure 3: X-Ray Pattern of Cds Thin Film Doping with 0.2 gm (10) % Flour

Figure (4) shows the X- ray diffraction patternGdS:Fthin film doping with 0.3 gm (15%) fluorinechannealed
at 450 °C for 2hours. The peaks assigned to (1@DD3),(202)and (104) planes at 6225.120°, B =
48.257°,5=58.384°,H=60.981°) respectively, with the orientations oflypoystalline hexagonal phase of CdS:F.
Diffraction peaks indicates that the CdS:F thimfils preferentially oriented (100),(103),(202)ar@{)] planes. Another
phase grown in cubic crystal structure can be faat@00) which belong to CdS a&b233.260° these result nearly closes
to (JCPDS Card No0.41-1049). As previously discusseather phase grown in cubic crystal structurebsafound at(200)
which belong to CdO at=38.481 comparing with the card (JCPDS Card No®&0). From the figure it can be clearly
seen that the preferential orientation peak withinlp process became sharper and more intense.vEnage crystallite
size is calculated and it is found to be incredasech 53.4 for pure CdS, 78.8 nm for 0.1gm 5% flneti89.5 nm for
0.2gm 10 fluorine to 97.3 nm for 0.3gm 15% fluorimes found that when increase the doping ratie 8den that average
crystallite size of CdS thin film also increasesdmhancing the crystallinty of the films [5]. Thiglicated that the doping
processes will be reduced the crystal defects bipgithe atoms of material enough energy to regeahemselves in the
lattice and overcome the random distribution insidgterial of thin films and the improvement of stural properties
[22].

Several authors have reported the presence of €t surface of CdS. A CdO cubic phase appeated thle
annealing of the sample. The formation of oxidegehs due to air ambient and high temperature psead can be
explained by a transformation of cubic CdS (ungtaldmpared to hexagonal CdS) to give the CdO [8014, 23].

Impact Factor(JCC): 1.8207- This article can be dowloaded from www.impactjournals.us




| 130 Adel H. Omranalkhayatt, Ghofran Mohammed Hussein AtHaddad |

2006401
(200) ¢
1806401

CdS:F (0.3 wt %)
1.60E+01
cdo

1.40E+01
* (104)H

1206401 (202)H

(103)H
100E+01

(100)H
8.00E+00

6.00E+00

4.00E400
2006400 M W/M

0.00E+00 T T T T T ]
2.00E+01 2.50E+01 3.00E+01 3.50E+01 4.00E+01 4.50E+01 5.00E+01 5.50E+01 6.00E+01 6.50E+01 7.00E+01

20°

Intensity (CounT)

Figure 4: X-Ray Pattern of Cds:F Thin Film Doping with 0.3 gm (15%) Fluorine
Surface Morphological Analysis

The surface morphology of the deposited CdS thimsfiis very helpful to study the surface morpholadythe
CdSs thin films [24]. The Sol-gel spin coating Cdtntfilms are characterized by scanning electronrasicopy (SEM)
analysis and EDX measurements. SEM and EDX is anigiog technique for the topography and surfacenetds

analysis study of samples, as it gives importafiormation regarding the growth mechanism, shapes@®of the grains.

Figure (5a) shows SEM images of CdS substrate declarge and small grain size and have an irregiiape
when CdS thin film deposed at 450 °C. The morphptdfghe films display a dense uniform and homogesrsurface with
a fine partical size the roughness and coarsessaadelow in thin film sample this result similaithvM. M. Ismail, andetl
[24]. However, when CdS thin film doping with 0..ng(5%) of Fluorine the SEM images show a homogesemd
smooth uniform surface with no detectable micrcsksaand the morphology of the prepared films indisdhat the size of
the particles is increased with the increasinghefdoping ratio as show in the figure, it havingf@etly spherical grains
with well-defined grain boundaries and this resuith the literature [5] as shown in figure (5b)ggie (5¢) shows CdS
thin films and when doping with 0.2 gm (10%) ofdhine become granular structure with low homogenesian it pure
and doping by 0.1 gm (5%) of fluorine and it cohsif nanocrystalline grains with uniform coveradetite substrate
surface. The agglomerations of particles theramslomly oriented morphology with increase in gisize has be observed
which agree with [10]. Figure (5d) shows CdS thim$ when doping with 0.3 gm (15%) Fluorine and thsults shows
smooth and uniform distributed surface morphologgves a dense and homogenous surface with verypfinécle size
confirming, the roughness and coarse scales aréltiis sample [25,16]. It is seen that the clusfeparticles has formed
batches on the surface of the sample which is atifie surface morphology which can be correlatédith WRD pattern.
When the Fluorine concentration increased to 0.3(§§5%), the coalescence improved more so that rite-cluster
spaces disappeared and the grain size enhancédyslighis result confirms the XRD data. The obsehdifferences

among the microstructures of the samples can prasiyrbe attributed to the addition of the Fluorif28].
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(©) (d)
Figure 5: SEM Images of (a) CdS( b) CdS:F (0.1gm5%), (¢) CdS:F(0.2gm10%)and (d) CdS:F(0.3gm15%) Thin

Films

In material characterization, it is important tatetenine how an element is distributed laterally amdind the
inclusion on the surfac& his is most conveniently done by using a focusexb@ of >-rays that isscanned above the

surface and the characteristic elemental singleised to products element map of the surface, .

The EDX of CdS thin film which can confirm the ex@sce of elements (Cadmii, Sulphid) which constitute thin
film structure. From the figure ()can be observed ratios of these elements andbeanbserved convergence in
mixing ratios of Cadmium and Sulphide and this pothat the CdS pure ¢ mixing ratio of the 0.1gm 5%, 0.2 gm 1(
and 0.3 gm 15% fluorine. Figure &-b, «, d) shows EDX of CdS thin film deposited at 45(. In addition to Cd, S.
Elemental weights (Wi 87.8, 12.72) of Cd, S elements in the thin films.
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Figure 6: EDX Images of (a) CdS, (b) CdS: F (0.1g%%), (c) CdS:F(0.2gm 10%), and (d) CdS:F(0.3gm 15%}hin

Films
Surface Texture Analysis

Atomic force microscopes (AFM) are well suited fasualize the surface texture of the deposited ©dsfilms,
especially when the surface feature sizes aredlmwbone micron. Figure (7a) shows the AFM imagea pure CdS the
thin films and figure (7 b,c,d) CdS:F thin filmsjtivdoping ratios (0.1,0.2,0.3) gm (5,10,15)% of fluorine dopant and
annealing at 450°C for two hour. The results ingestd show that deposited CdS thin films with eliéint doping rates

exhibits different surface texture. The smoothateftexture is observed in the deposited CdS ilhis.f
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C d

Figure 7: AFM Images of (a) CdS, (b) CdS:F(0.1gm5%)(c)CdS:F(0.2gm10%), and (d) CdS:F(0.3gm15%) Thin
Films

CONCLUSIONS

Pure and Fluorine doped CdS thin films have beamessfully deposited by sol-gel spin coating teghei

Reliant on the obtained results, it can be detezthand concluded that:

 The XRD results show that CdS and CdS:Fthin filmexevpolycrystalline in nature with Hexagonal wugzi
structure. The CdSphase is confirmed by X-ray diffion in the deposited films. It has been seen tia

fluorine-doping causes growing up the average g with improved the crystallinty of the films.

 The SEM images display the granular structure amtbum morphology of CdS and CdS:Fthin films. Whese

the EDXS analysis confirms the stoichiometry of pihepared films.
 The AFM images display that the smooth surfaceautexis observed in the deposited of CdSthin films.

* These consequences show that low-cost sol-gel ggbeis a suitable practical method for prepa@u$ thin

film.
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