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 In this research, we study the effect of changing of Laser parameters on properties of 

lead oxide thin film (PbO) nanoparticles prepared by Pulsed laser deposition (PLD) on 

the base of glass. We used pulsed laser deposition for the preparation of (PbO) 

nanothinfilm limits (70-85)nm using a pulsed laser (Nd -YAG) with a wavelength of 

(1064) nm. We measured absorbance and fluorescence spectra, examination of the 

atomic forces microscope (AFM) and examination of scanning electron microscope 
(SEM) for thin films prepared in this way. The results showed the possibility of 

preparation of thin films with grain size around (75) nm.The scanning electron 

microscope images showed and the formation of a spherical shape nanoparticles using 
the method of Pulsed laser Deposition (PLD). 
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INTRODUCTION 

 

 The pulsed laser deposition method is one of the 

better and cheaper technologies for the deposition of 

semiconductor and metal oxides in different 

technological conditions. Although the deposition by 

laser ablation technique used for the first time in the 

thin-film industry, even in 1960 (Ashfold et al, 

2004). The pulsed laser deposition (PLD) is usually 

preferred to use pulses of high power laser with a 

power density of more than 108 W / cm2 for the 

deposition of a thin layer of one target. Where is the 

preparation of this type of semiconductor material is 

mostly in the form of thin films, however, the PbS 

thin film ,show the degree of crystallization less than 

compared with the semiconductor compounds other 

conductive because they contain major defects 

during crystallization and growth used processes for 

the deposition of layers since it depends mainly the 

compositional characteristics (M. Gunasekaran et al, 

2005). However, a wide and very important 

applications in the areas of photo detector devices 

reagents solar cells with Nano scale optical 

properties due to the unique manufacturing (L. Yu et 

al, 2011, S.M. Lee and Y.S. Cho, 2013, W. Ji, P. Jing 

et al, 2013).  

 That previous research showed that sulfate 

minerals have the energy gap compatible with many 

applications of solar cells Where there are several 

techniques for the preparation of bimetal sulfate thin 

film, such as chemical deposition (CBD) and thermal 

evaporation and deposition spray and method of 

spraying the plasma (A.S. Obaid et al. 2013, H. 

Noguch et al.1994, K.T.R. Reddy et al. 2006). where 

(PbS) is one of the most important semiconductor in 

solar cells as the basis of the type( P-type) for 

possession of exciton Bohr radius of the large and 

also having a large absorption coefficient up to (105 

(cm-1 in the visible region) (P. Sinsermsuksakul et 

al, 2011, J.M. Luther et al, 2010, T. Ju et al 2010). 

Therefore, the researchers were interested in studying 

the properties of various preparation methods. In this 

research was prepared lead oxide thin film (PbO) by 

pulse laser deposition on the base of the glass under 

the influence of changing the laser pulse parameters. 

 

Experimental part: 

 We used pulsed laser deposition system (PLD) 

in the Materials Research Laboratory at the 

Department of Laser Physics at the Faculty of 

Science for Girls - University of Babylon, as in 

Figure [1]. The system consists of two vacuum 

systems, the first stages ((Rotary 2-stage and second 

discharge diffusivity system (Diffusion) in addition 

to the measurement of pressure, temperature gages 

and steel vacuum chamber. Laser (Nd: YAG) ((10-

1000 mJ (6Hz). Prepared thin film were examined 

absorption spectrum by VIR (UV-Vis. 

Spectrophotometer) English origin. Thin films were 

examined by XRD, AFM and SEM to study of 

crystal structure and morphological features. 
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RESULTS AND DISCUSSION 

  

 The results of X-ray diffraction showed three 

major peaks representing crystallin plans for cubic 

crystalline structure (010) and (200) and (020) and 

corresponding angles 2θ =14.98 ͦ, 30.26 ͦ,31.24 ͦ 

.According to the card (JCPDS database for cubic 

PbO which showed a high degree of crystallization 

of highly crystallinity)) with the change of the crystal 

size (crystallite) from (16.23nm) to (37.7 nm) when 

laser energy to increase as the crystal size was 

calculated using the equation Sharer B = λk / LcosӨ 

where λ is the wavelength of X-rays (0.15406 nm) 

and Ө represents the angle either L represents the 

crystal size and B represent the full width at half of 

intensity (FWHM) in units of radial corners. 

 

 
Fig.  1: PLD system Set-Up. 

(Laser Physics Depart.-College of Science for Women) 

 

 
A 
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Fig. 2: X-ray Diffraction for PbO thin film with different states A,B,C,D. 

 

 
 

Fig. 3: AFM Images for PbO thin film at Energy 280mj With (Avg. Diameter: 78.58 nm). 

 
  

                  Fig. 4: AFM Images for PbO thin film at Energy 350 mj With (Avg. Diameter: 82.28nm). 
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Fig. 5: AFM Images for PbO thin film at Energy 500 mj in Ar gas With (Avg. Diameter: 86.33 nm). 

 

 The images of an atomic force microscope 

(AFM) as in the figures (3) , (4) and (5) shows 

deposition of PbO thin film with different laser 

energies (280 mj, 350mj, 500mj with Ar gas) and 

effect of (Ar gas). Where shows a smooth surface, 

high quality and adhesion with the glass base in 

addition to be a semi-spherical aggregations and 

narrow grain size distribution. When increasing the 

laser energy of 280 to 500 mJ, we note an increase in 

the particle size, with a marked increase in surface 

roughness thin film. Also that clear the root mean 

square of the surface roughness of thin film prepared 

by (PLD) ranged from nm 0.875when the power mj 

250 to5.34 nm when the power 500mJ leads to 

change in shape and size of grain clusters.  

 That which occurs during the deposition process 

is the growth of thin film layers through plasma 

interactions such as (ions and neutrals) ions and the 

uncharged fragments with different velocities that 

reach the surface of thin film .The fragments with 

high-energy (fast) represents the ions while the 

uncharged fragments will limited its speed as a result 

of a collision with charged particles. Therefore, the 

ablation with high energy lead to increased 

likelihood of the emergence of large grains because 

of the integration of some of them after a number of 

collisions leading to increased roughness of the 

surface of the thin film. While pumping Ar gas into a 

vacuum chamber lead to surrounding the fragments 

and damping the coalescences and lead to improve 

the surface roughness rate of the thin film and this 

agree with Refs. (Maha Al-Kinany et al 2014)( Maha 

Al-Kinany, Ghaleb A. Al-Dahash et al 2014). 

Therefore it can be concluded that Engineering 

(plume) and control the factors that shape change 

leads to improve the properties of the surface of the 

thin films. 

 Figure (6) represents the results of (EDX) that 

shows the high purity of the thin films prepared by 

pulse laser ablation (PLD). Figure 7 represents 

pictures of scanning electron microscope (SEM) of 

prepared thin film by (PLD), where shows grains 

with spherical shape and its sizes increases with 

increasing of energy (78.57 nm at 280 mJ) to 

(86.33nm at 500mJ), and high homogenous with 

some coalescence and Aggregations. These are often 

made up because of interaction of the laser beam 

with the formed plasma inside (Plume) ,where 

competing processes with each other, depending on 

the laser frequency .The higher frequency will 

increase the chance of collisions with the fragments 

,leading to increase of (coalescence), Since the 

frequency of laser used in our preparation of thin 

films was (6 Hz) ,we note that the percentage of( 

coalescence), was very few. These two processes 

also occur when laser ablation in aqueous solutions 

for the preparation of colloids (collides) (Wasan 

Mubdir Khilkala,et al 2014). 

 
Fig. 6: EDX of the PbO Thin film. 
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(A)                                                                                          (B) 

  
(C)                                                                                             (D) 

 

Fig. 7: SEM images of PbO thin film prepared by PLD (A,B,C,D). 

 

Conclusions: 

1- The grains have spherical or semispherical shape. 

2- Increase laser pulse energy leads to increase 

particle size. 

3- The presence of Argon gas leads to reduce the rate 

of particle size. 

4- The existence of Argon gas during laser ablation 

leads to improved surface roughness. 
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