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ABSTRACT 

In this paper, the synthesis of nanostructure tin oxide SnO2 thin films on (0001) 
sapphire substrates using a pulsed 532 nm Nd: YAG laser is presented. Deposition of 
films is achieved at three different substrate temperatures 300,400,500 ºC. The 
influence of substrate temperature on the structural and optical properties of tin oxide 
films are discussed and analyzed. We have shown the results of x-ray diffraction that 
all films prepared with the installation of multi crystalline (tetragonal) and directional 
prevalent (101) for all modds before and after annealing. These films are highly 
transparent (63–79%) in visible region, and transmittance of the films depends on 
substrate temperature. The band gap of the films varies from 3.45 eV to 3.61 eV for 
various temperatures. The morphology of deposited films was characterized by 
scanning electron microscope (SEM) and atomic force microscope (AFM), with 
increasing substrate temperature, both the grain size and surface roughness increase. 

We have also investigated the photoluminescence (PL) emission of the simples 
produced by PLD. The absorption of very intense PL emission for the films at 
temperature T= 500 ºC. The photoluminescence (PL) spectrum of the SnO2 exhibits 
visible light emission with a peak at 602 nm. 
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االلومینا  قاعدة من المنماة على النانویة الخصائص الفیزیاویة الغشیةاوكسید القصدیر
 بطریقة الترسیب باللیزر النبضي

 
 الخالصة
ویعم!!ل ) nm 532( ت!!م اس!!تعمال لی!!زر نی!!دمیوم ی!!اك النبض!!ي ذو الط!!ول الم!!وجي ھ!!ذا البح!!ث ف!!ي 

) 0001(بتقنی!!ة عام!!ل النوعی!!ة لترس!!یب اغش!!یة اوكس!!ید القص!!دیر النانوی!!ة عل!!ى قواع!!د م!!ن االلومین!!ا 
تاثیر درج!ة ح!رارة القاع!دة عل!ى وتحلیل تم مناقشة . )  ºC(300,400,500وبدرجات حراریة مختلفة  

الشعة الس!ینیة ان جمی!ع اظھرت نتائج حیود ا. الخصائص التركیبیة والبصریة الغشیة اوكسید القصدیر 
لكاف!ة النم!اذج قب!ل وبع!د ) 101(االغش!یة المحض!رة ذات تركی!ب رب!اعي متع!دد التبل!ور وذات اتجاھی!ة 

واعتم!دت النفاذی!ة عل!ى درج!ة %  79-63امتل!ك الغش!اء نفاذی!ة عالی!ة بالمنطق!ة المرئی!ة بح!دود . التلدین
ت!م   .لمختل!ف درج!ات الح!رارة eV -3.61 3.45تراوح!ت قیم!ة فج!وة الطاق!ة م!ن . الح!رارة القاع!دة 

ومجھ!!ر الق!!وى الذری!!ة ) SEM  (دراس!!ة طبوغرافی!!ة الس!!طح باس!!تخدام المجھ!!ر االلكترون!!ي الماس!!ح
(AFM)م!!ن خش!!ونة الس!!طح والحج!!م الحبیب!!ي " ادت  زی!!ادة درج!!ة ح!!رارة القاع!!دة ال!!ى زی!!ادة  ك!!ال

المص!نعة بطریق!ة الترس!یب ب!اللیزر اظھرت نتائج شدة االضاءة الفوتونی!ة لالغش!یة .  للجسیمات النانویة
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االنبعاثی!ة الضوئیةالغش!یة اوكس!ید , مئ!وي  500النبضي ش!دة انبعاثی!ة عالی!ة عن!د درج!ة ح!رارة قاع!دة 
   .نانو متر 602القصدیر كانت عند الطول الموجي 

 
  

INTRODUCTION 
nO2 is a semiconducting of interest for technologically applications such as gas 
sensors, transparent electrical contacts or optoelectronics. Its electrical 
conduction is related to nonstoichiometry due to a large concentration of 

oxygen vacancies acting as shallow donors close to the conduction band.[1,2] 
However, this vacancy model seems to raise few fundamental questions to the general 
understanding of the phenomenon of transparent conductivity. Some theoretical 
results point out to an important role of the Sn interstitial which presents unusual 
stability due to the multivalence of tin under different chemical potential conditions 
in SnO2. The latter class of oxides, namely semiconductors, has emerged as 
particularly interesting for sensors, thin-film electronics, and photonics. Tin oxide 
(SnO2) is a wide band gap (3.6 eV) metal oxide semiconductor with excellent optical 
transparency in the visible range [3, 4, 5, 6, 7, and 8]. It possesses the rutile 
(tetragonal) crystal structure with a = 4.738A˚ and c = 3.188A˚ .With a relatively high 
conductivity, visible wavelength transparency, chemical stability and thermal stability 
in oxidizing environments [9], tin oxide films are being explored for a number of 
applications. As a wide bandgap semiconductor, SnO2 is attractive for use in photonic 
applications, such as solar cells, where transparent electrodes are required [10, 11].  

SnO2 thin films are used for gas sensor devices based on changes in conductivity 
when exposed to selected chemical species [12–17]. In addition, there is also interest 
in the possibility of inducing ferromagnetism in SnO2 through transition metal doping 
[18, 19], an approach that is also being pursued for other wide bandgap 
semiconductors [20– 22]. SnO2 thin films have been fabricated by a variety of 
techniques including sol–gel method [23], electron beam evaporation [24], reactive 
sputtering [25] chemical vapor deposition and sputtering [26]. One of the major 
challenges in synthesizing SnO2 thin films is to control oxygen stoichiometry. When 
deposition is carried out in vacuum at high temperatures, SnO2 films tend to be 
nonstoichiometric, frequently resulting in the formation of metastable phases such as 
SnO or Sn3O4 [27,28,29]. The existence of these metastable phases and relaxed 
crystal defects will strongly affect the properties of the films. While previous 
applications of SnO2 for sensors or transparent conductors have primarily relied on 
polycrystalline material, many of the emerging applications for functional wide band 
gap semiconductors require highly crystalline films. Pulsed laser deposition has the 
advantage of operating in a reactive atmosphere over a wide range of oxygen 
pressure. In this paper, the synthesis of nanocrystalline tin oxide SnO2 thin films on 
on (0 0 0 1) sapphire substrates using a pulsed 532 nm Nd: YAG laser is presented.   

Deposition of films is achieved at three different substrate temperatures 
300,400,500ºC. The photoluminescence (PL) spectrum of the SnO2 exhibits visible 
light emission with a peak at 602 nm. 

 
EXPERIMENTAL PROCEDURE   
 Film preparation 

The deposition was carried out using a Q- switched Nd:YAG laser with a 
frequency second harmonic  generation at 532nm (pulse width 7nsec repetition rate 

S
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10HZ) and fluencies energy 1.5 J/cm 2 . The studied films were prepared by from pure 
SnO2 targets films were grown by pulsed laser deposition on sapphire (Al2O3) (0 0 0 
1) substrates kept an on-axis distance of 4cm from the SnO2 target. The chamber was 
kept at vacuum pressure of 10-5 mbar as shown in Figure (1). The SnO2 disc was 
ablated from 10-100 pulses (10-20min) to get single layered thin films with thickness 
200 nm. During the deposition the substrate temperatures (Ts) were variable   from 
(300-500 °C). 

 
 

 
 
 

 
 

  
  
  
  
  
  
  
  
  
 
 
 
  
  

 
 
 
 
 

Film characterization 
The crystalline structure of the films was determined by X-Ray Diffraction 

(XRD) measurements (Philips PW 1050, λ=1.54A°) using Cu kα . Optical 
transmission and absorption spectra of all the films were recorded using a UV-VIS 
(Perkin Elemer Company) spectrophotometer, in the spectral range of (300-900) nm. 
The surface morphology was examined by scanning electron microscopy (SEM–
JEOL 7000) and by atomic force microscopy (AFM-Digital Instruments NanoScope) 
working in tapping mode. The photoluminescence is the optical emission obtained 
used He-Cd laser (325 nm) as the excitation source. Using the luminescence LS55 
devise in Malaysia. 

 
RESULT AND DISCUSSION 

SnO2 films prepared under 10-1 torr oxygen pressure, (300-500)°C substrate 
temperature and 1.2 J/cm2   laser fluence  on Sapphire (Al2O3) substrate are shown in 
Figure (2) .Shows the XRD patterns of the films at substrate temperature 300, 400 

Figure (1) Schematic diagram of pulsed laser deposition 
system. 
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and 500◦C, respectively. All the films consisted of SnO2 of tetragonal structure. With 
increasing the substrate temperature, peak intensities in each thin film increased 
gradually. Especially as substrate temperature 300◦C although the position of a broad 
peak (211) indicating was shifted to higher angle those mean that the crystallinities of 
the films were improved with increase of substrate temperature. Here, it is worth 
noting that no microstructural change occurred significantly in the films substrate 
temperature at 500 ◦C. In the substrate temperature less than 500 ◦C, increasing the 
substrate temperature gives rise to the improvement of crystallinity in the films 
substrate temperature at 500 ◦C without a big microstructure change. The weak peaks 
for SnO2 (101) grains are also observed at higher substrate temperature. The results 
clearly show that deposited SnO2 grains on the (0001) Al2O3 substrate is favored, 
placing the film c-axis in the plane of the surface. 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure (3) shows the AFM images of the SnO2 thin films deposited at substrate 
temperatures of (300, 400 and 500) ºC. The surface morphology of the SnO2 thin 
films as observed from the AFM micrographs proves that the grains are uniformly 
distributed within the scanning area (10 x 10 µm2), with individual columnar grains 
extending upwards. This surface characteristic is important for applications such as 
gas sensors and catalysts [19, 23]. 
        From the topographic images it can be seen that the films deposited at 300 °C 
appears to be more uniform than the topography of the sample deposited at 400 and 
500ºC. The RMS roughness also increased with increasing substrate temperatures 
(Ts), the section analysis shows that RMS roughness values are (98.84 ,138.35 and 
120.44 nm)  for thin films deposited at (300 , 400 and 500) ºC respectively. A possible 
explanation for this observation is that surface mobility of the adatoms is higher at 
temperature (500 °C), these results in higher surface diffusion length, island 
separation, and lateral size. When island separation length is greater than the lateral 
size of the island, terrace and stairs topography are normally favored. On the other 

Figure (2) XRD patterns of SnO2 film grown at different 
Temperatures on Al2O3 

° ° °
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hand, surface mobility of the ad atoms are lower at lower temperature (300 °C), thus 
islands are more closely spaced. If island separation is smaller than the island lateral 
size, more uniform growth of the thin film is preferred. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure (3) AFM image of SnO2 film grown at different temperatures on 
 Al2O3  a) 300 °C   ,b) 400 °C   , c) 500 °C 
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      SEM micrographs in Figure (4) showing the effect of substrate temperature on the 
microstructure of thin films. All the microstructures revealed that the thin films are 
very porous and not uniform locally. The film has homogeneous  surface morphology 
and with increasing substrate temperature Ts, the grain size of aggregated particles 
increases ,grain size values are (46 ,68.5 and 130. 4 nm)  for thin films deposited at 
(300 , 400 and 500)ºC respectively. 

 In those films, the apparent particle size on the microstructures seems to be about 
45–50 nm, of which the particle size is slightly coarser than that of as-oxidized 
powder, but is different to the particle size of 58–68 nm calculated from the specific 
surface area. The difference may be attributed to a fact that the particle size maximum 
value because the area aggregated between particles is not considered.  
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure (5) shows the effect of substrate temperature on optical transmittance of 
SnO2 thin films. It has been observed that optical transparency of the films increases 
with increases in temperature. The average percentage transmittance in the range of 
450–900 nm is 63%, 70% and 79% for the films grown at 300 ºC, 400ºC and 500ºC 
respectively. The average transmittance is calculated by taking the average value of 
the transmittance over 450–900 nm range for each sample [11]. The effect of 
substrate temperature on optical band gap of SnO2 thin films has been determined 
from the data of transmittance vs. wavelength plot. The absorption coefficient (α) is 
given by 

  
α = ln (1/T)/ d [1]. 
 

Figure (4) SEM images of SnO2 films at at different temperatures on 
 Al2O3 a) 300 °C   ,b) 400 °C   , c) 500 °C and had thickness200 nm.  
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Where T is transmittance and d is film thickness 200 nm. The relation between 
the absorption coefficient and the incident photon energy (hα) is given by the 
following equation [12]: 
  
(αhν)2 =A(hν-Eg) 
 

 Where A and Eg are constant and optical band gap, respectively. The Eg can be 
determined by extrapolations of the linear regions of the plots to zero absorption. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 

Figure (6) shows the relationship between (αhν) 2 and hν for films grown at 
different substrate temperature. Substrate temperature having different effect leads to 
increase in the optical energy gap values, because the increasing substrate 
temperature process decreases from the secondary levels and the structure defects 
which lead to the contract tails region. This leads to expand in the optical energy gap 
It is observed that the band gap varies from 3.42 eV,3.49 eV and 3.61 eV for the films 
grown at 300ºC, 400ºC and 500ºC respectively . 

Figure (7) shows the room-temperature and 500°C substrate temperature 
photoluminescence spectrum of the as-prepared SnO2 thin films. The 
photoluminescence (PL) spectrum of the SnO2 exhibits visible light emission with a 
peak at 602 nm. The low-energy emission might be related to crystal defects or defect 
levels associated with oxygen vacancies, or tin interstitials that have formed during 
growth. A similar red emission has been reported in the case of SnO2 thin films 
synthesized by laser ablation [14].At  500 ºC substrate temperature the strong PL peak 
might be related to the crystalline defects induced during the growth. The oxygen 
vacancies interact with interfacial tin vacancies, and lead to the formation of a 
considerable amount of trapped states within the band gap, which results in a strong 

Figure (5) Transmittance spectra of SnO2 films grown at different 
 Substrate temperatures. 
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PL signal. Similar results were also observed for SnO2.[13] The optical measurements 
further show that the SnO2 thin films possess surface characteristics that generate a 
red emission band that may be exploited in gas sensors or other optoelectronic 
devices [6]. 
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