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Pure and Al doped cadmium sulfide (CdS) thin filwith different doping ratios (1, :
5 and 7) %have been deposited onto glass substrates usisgdpldser depositic
technique ,then annealed films at different anngaémperatures (300, 373, and 4
K. The effect of Al doping on structural propertigfsthe all prepared thin CdS films

thickness (410 + 5 nm) was investigated. The stratproperties of the thin films ha
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temperatures.

been studied using X-ray diffraction (XRDO}he polycrystalline films with a hexagor
structure for pure and Al doped CdS have been médaiThe crystallite size
prepared films are found to be in nametric range. The structure of prepared fi
was found to be strongly dependent on Al doptmncentration and anneali
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INTRODUCTION

In recent years, there has been growing inte
in II-VI semiconductor materials for thepotential
applications in optoelectronic and photovoll
industries. One of the most promising alterna
materials is a cadmium sulfide (CdS) thin fil
which is inorganic group and chalcogenide-type
semiconductor having a direct energy bancp
between 2.28eV and 2.45éMohamed, H.A., 201«
Husham, M., 2014; Kwon, J.H., 20. CdS films
have interestedstructural, optical and electric
properties that are much difeert compared to bul
materials. hese films can be applied to me
technologies sth as window layeiin solar cells,
optical sensots transistors], diodes e Various
methods such as electrdeposition, spray pyrolysi
successive ionic layer adsorption and reac
(SILAR), pulsed laser deposition vacuu
evaporation and chemical batteposition (CBD)
etc. are used to obtain th®dS films Among these
techniques pulsed laser deposition technique
favored and versatilbecause of its relatively simj
growth technique inexpensive and scalak
technique for the deposition of highality and large
area films. In this work ysed laser depositic
(PLD) technique is used for preparal pure and Al
doped CdS thin films.These films possess:
nanostructures under optimized conditions of vg
of materials.

The aim of the present work is to study the ef
of Al doping and theannealing temperatts on
structural properties of thi€dS films prepare by
pulsed laser deposition technic

MATERIAL AND METHODS

Pure CdS powder and doped with different
doping ratiogl, 3, 5 and 7) ¢ with high purity
(99.999%) which have been pres under 5 Ton to
form target with dense and homogenous good qu
deposit with 1cm diameter and 0.2 cm thickrThe
pulsed laser deposition (PLD) techni was
employed to produce pure and Al doped thin ¢
films with 420+5nm thickness anvarious doping
ratio deposited oncleaned glass substrates .The
pulsed laser deposition technique is carried aitle
chamber generally at fOorr vacuum conditions and
low pressure of a background gas for specific ¢
of oxides and nitrides. The specifications of u
laser are Nd: YAG laser (HuafeiTongd
Technology—DIAMOND288  pattern  EPLS
power= 700 MJ, f= 6 HZ\= 1064 nm an@00 pulse
number of shotsThe substrate was placed in front
the target with its surface parallel to that of thmget.
Sufficient gap was kept between the target anc
substrate so that the substrate holder does
obstruct the incident laser bei Clean glass slides
which were used to study the structuproperty of
prepared pure and Al doped Cc thin films at
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different doping ratio and annealed all preparbdsi  crystallite in a polycrystalline filmC.S, as described
under vacuum (I8Torr) with different annealing by Scherrer’s formula (Warren, B., 1969):
temperatures (300, 373, and 473) K. The presenty ¢ — 0944 (1)
work was used X-ray diffraction type Shimadzu FWHM . cos (8) i

(power diffraction system with Cu;KX-ray tube §  Where 0 is the Bragg angle and is the X-ray
= 1_5405&&) was used with @ scan values of 20° Wwavelength. The crystallite size values were etpial

and 60°. 16.1, 12.7, 13.6, 17.7 and 13.6 nm for professional
peak as shown in Table (1). This clearly indicates
RESULTS AND DISCUSSION nano-crystalline nature of resultant films depabié
different Al doping.
Figures (1 - 3) show X-ray diffraction patterns Lattice parameters a and c for the hexagonal

for pure and Al doped CdS thin films with different Structure was found by the following equation, vener
doping ratios (1, 3, 5 and 7) % and annealing both spacing lattice (d) and miller indices (hkl) are

temperatures (300, 373, and 473) K were deposited"OWN: .
on glass substrates. I iw 1_2 )

In general from the diffraction patterns of these “"** Th3e Ia‘tltice acrameter values a and ¢ are a =
figures, it can be seen that there are some shargL135 A and ¢ F; 6.699 A which ar,e in agreement
diffraction peaks and clear defined which indicated with the JCPDS data (80-006), (JCPDS, 2000)
that the films have polycrystalline structure witie . ' y

- Another noticeable remark from figure (1) is that
hexagonal phase. The degree of crystallinity fosCd the number of peaks for doped thin CdS film with
films decreases gradually with increasing the rafio

) ) . 1% Al ded than that f Cds fil d th
the Al (i.e., decrease in intensity). These valoés o A\l exceeded than that for pure 'm and e

. k height i d with the i ing doped
CdS were closed well with that data of standard Faeti)s Ofe EI T;]Tg riii?e?asewils dueetolggceraezlgith: be
values (JCPDS file no0.96-901-1664). Relevant f th .tII't I doped Al i Ki
parameters for the obtained CdS thin films with ot the crysiatite, as we” as dope IS workiftg

h | ol li ted increase the crystallization of films. All these
Tg)t;?egso?f 3‘))0 ycrystalline structure were presemed gy cyyreq parameters are tabulated in Table (1).

. . . Fig.(2) and Table (2) illustrate the XRD pattern
Figure (1) shows the diffraction patterns Of UN and structural parameters for pure and doped CdS
annealed (300!() pure and Al doped thin CdS films. g,\o annealed at 373K.The results of XRD for
For the pure films, three peaks are_appear_ecﬂat 2prepared films annealed at 373K obtained that the
equal to 24.838, 26.543, 28.202 which a5_5|gned ©increase in the high and sharp of the peaks (deerea
the (100), (002), and (101) planes respectivele Th i, yhe fil-width at half-maximum (FWHM)) and
relatively stronger peak along (002) film structure increasing in the crystal structure of CdS filmgisT
has been observed. These orientations correspond tQ .- < nat the annealing caused decreasing in the
thhe hgxagonal ph:sbe fOL Cds fiIm.hSimiIar results crystal defects due to prepare thin films and the
ave been reported by other researches. : ; ;
The full width at half maximum (FWHM) of the interplaner surface defects which gave the material

K (i di ) t the si t th atoms perfect energy to return and arrangemett itse
peak (in radians), is a measure of the size of thej, ¢ygta| Jattice and release from the stresseistwh

cause for the lattice thermal mismatch.
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Fig. 1: X-ray diffraction patterns of unannealed (300 Kpdsited pure and Al doping CdS films with different
doped ratios.
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Table 1: Structural parameters 2d.q, (hkl), FWHM, C.S,a and c of deposited unanneé&®d K) pure and Al doped CdS films with

different doping ratios.
Al % 20 dhk|EXp dhk|Std hkl FWHM C.S. (nm a (A) C (A)
24.838 3.581" 3.582: (100 0.368: 22.1 4.1358( 6.7107-
0 26.543¢ 3.355¢ 3.357: (002 0.506¢ 16.1
28.202¢ 3.161° 3.160¢ (101 0.414. 19.7
24.873: 3.576¢ 3.582. (100 0.414. 19.€ 4.1301: 6.6956°
26.604¢ 3.347¢ 3.357: (002 0.645: 12.7
1 28.202¢ 3.161¢ 3.160¢ (101 0.506( 16.2
43.778t¢ 2.066: 2.068¢ (110 0.829¢ 10.2
48.018c¢ 1.893: 1.898: (013 0.783¢ 11.1
51.751. 1.765( 1.761: (112 0.737: 12.C
24.902¢ 3.572: 3.582: (100 0.460¢ 173 4.1253! 6.6899°
3 26.627 3.345( 3.357: (002 0.599: 13.€
28.202¢ 3.161% 3.160¢ (101 0.414" 19.7
48.018t¢ 1.893: 1.898: (013 0.506¢ 17.2
24.977( 3.562: 3.582. (100 0.414. 19.€ 4.1132¢ 6.6860:
26.643¢ 3.343( 3.357: (002 0.460¢ 17.7
5 28.294¢ 3.151¢ 3.160¢ (101 0.322¢ 25.
38.986: 2.308¢ 2.449¢ (012 0.737: 11
48.294¢ 1.883( 1.898: (013 0.783¢ 11.1
51.981¢ 1.757¢ 1.761: (112 0.645: 13.7
25.023( 3.555% 3.582. (100 0.460¢ 17.7 4.1058: 6.6652¢
7 26.728: 3.332¢ 3.357: (002 0.599: 13.€
28.304¢ 3.150¢ 3.160¢ (101 0.783¢ 10.f
51.981¢ 1.757¢ 1.761: (112 0.737: 12.C
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Fig. 2: X-ray diffraction patterns of deposited pure andddped CdS films with different doping ratios at
373K.

Table 2: Structural parameters6 2d.q, (hkl), FWHM, C.S,a and ¢ of deposited pure ahd@ped CdS films with different doping ratios at
373K.

Al % 20 dhkl EXp‘ dhkl Std hkl FWHM C.S. (nm a (A) C (A)
24.838! 3.581. 3.582% (100 0.368% 22.1 4.1358: 6.7337(
0 26.451¢ 3.366¢ 3.357: (002 0.599: 13.€
28.110t 3.171¢ 3.160¢ (101 0.322¢ 25.4
24.838 3.581% 3.582° (100 0.645: 12.€ 4.1358( 6.7337(
26.542: 3.349] 3.357: (002 0.460¢ 17.7
1 28.248¢ 3.156¢ 3.160¢ (101 0.368% 22.2
43.931: 2.057¢ 2.068¢ (110 0.645: 13.2
47.972: 1.894¢ 1.898: (012 0.599: 14.5
51.843¢ 1.762: 1.761: (112 0.460¢ 19.2
24.838 3.581% 3.582% (100 0.414% 19.€ 4.1358( 6.7057¢
26.563¢ 3.355¢ 3.357: (002 0.322¢ 25.5
3 28.252¢ 3.161% 3.160¢ (101 0.368% 22.2
43.939° 2.062( 2.068¢ (110 0.506¢ 16.€
48.110¢ 1.889¢ 1.898: (012 0.368: 23.€
51.981¢ 1.757¢ 1.761: (112 0.553( 16.C
24.930¢ 3.568: 3.582% (100 0.553( 14.7 4.1207! 6.6766(
5 26.682( 3.338: 3.357: (002 0.645: 12.7
28.202¢ 3.161. 3.160¢ (101 0.368 22.2
48.018c¢ 1.893: 1.898: (012 0.553( 15.7
25.161¢ 3.536¢ 3.582% (100 0.783¢ 10.4 3.8482: 6.3233:
7 26.728: 3.332¢ 3.357: (002 0.691% 11.¢
28.202¢ 3.161% 3.160¢ (101 0.553( 14.¢
48.018c¢ 1.893: 1.898: (012 0.599: 14.5
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Figure (3) and Table (3) show the XRD pattern ratio to 1% then decreased gradually by increasing
and structural parameters for pure and doped CdSAl ratios to 3%, 5% and 7%. It had been observed
films annealed at 473K.Also this figure shows the that the full-width at half-maximum (FWHM) of the
number of peaks for doped thin CdS films with 1% main peak decreased as a function of ratios doped,
Al exceeds than pure films. This refer to the dopedand this is associated with the variant of the tetys
CdS samples retain the hexagonal structure. Thissize in CdS films. Similar results have been observ
illustrates that the degree of crystallinity for £d for CdS films prepared by different techniques.
samples which increased by increasing the doping
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Fig. 3: X-ray diffraction patterns of annealed (473 K )g@and Al doped CdS films with different doping oati

Table 3: Structural parametersf 2d., (hkl), FWHM, C.S, a and c of annealed (473K) pamel Al doped CdS films with different doping ratio

Al % 20 Chig EXp. ggg. HkI FWHM C.S (nm) a(A) c(A)
24.838 3.5811 3.582 (100 0.368" 22.1 4.1358( 6.6993.
0 26.589¢ 3.3490 3.357: (002 0.368° 22.1
28.202t 3.161 3.160¢ (101 0.414 19.7
24.830¢ 3.582¢ 3.582% (100 0.506¢ 16.C 4.1370¢ 6.7002¢
26.585¢ 3.350: 3.357: (002 0.553( 14.¢
1 28.202t 3.161 3.160¢ (101 0.368" 22.2
43.871( 2.062( 2.068¢ (110 0.322¢ 26.5
47.926: 1.896¢ 1.898: (013 0.322¢ 27.C
51.935! 1.759: 1.761. (112 0.368" 24.C
24.838 3.581% 3.582% (100 0.414° 19.€ 4.1358( 6.6993.
26.589¢ 3.349° 3.357: (002; 0.368" 22.1
3 28.294¢ 3.151¢ 3.160¢ (101 0.322¢ 25.4
43.732° 2.068: 2.068¢ (110 0.506¢ 16.¢
48.064! 1.891¢ 1.898: (013 0.645: 13.t
51.889¢ 1.760° 1.761 (112 0.691: 12.¢
24.884¢ 3.575: 3.582% (100 0.368° 22.1 4.1282¢ 6.6993.
26.589¢ 3.349° 3.357: (002; 0.322¢ 25.2
28.248¢ 3.156¢ 3.160¢ (101 0.368° 22.2
5 36.866¢ 2.436: 2.449¢ (012 0.368° 22,7
43.778t 2.066: 2.068¢ (110 0.276¢ 31.C
48.018:- 1.893: 1.898: (013 0.599: 14.€
51.981¢ 1.757¢ 1.761; (112 0.460¢ 19.2
25.069: 3.549! 3.582% (100 0.553( 14.7 4.0983¢ 6.6879¢
26.635¢ 3.344( 3.357: (002 0.553( 14.¢
7 28.387. 3.141¢ 3.160¢ (101 0.460¢ 17.¢
36.820! 2.439: 2.449¢ (012 0.599: 14.C
43.778t 2.066: 2.068¢ (110 0.506¢ 16.¢
51.889: 1.760 1.761. (112 0.506¢ 17.4
Conclusions: e Lattice constants of prepared pure CdS thin
From the data of the present work, we can fiims nearly decreasing when Al doping ratio
conclude that : increased.
* All prepared and annealed pure and Al doped
thin CdS films by pulsed laser deposition on glass REFERENCES
substrate have polycrystalline structure with the
hexagonal phase. Mohamed, H.A., 2014, "Optical Performance of
» The (002) and (101) plane are main for preparedan Azimuth Tracking Linear Fresnel Solar
films. Concentrator", Solar Energy, 108-360.
«  The values for the crystallite size are found to be ~ Husham, M., Z. Hassan, M.A. Mahdi, A.M.
in nano metric range. Selman and N.M. Ahmed, 2014, "Fabrication and

Characterization of Nanocrystalline CdS Thin Film-
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