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Abstract Key words 
     The current study was carried out to reveal the plasma parameters 
electron temperature ( ௘ܶ), electron density (ne), plasma frequency 
(fp), Debye length (	ߣ஽) and Debye number ( ஽ܰሻ  for CdS using the 
laser induced breakdown spectroscopy LIBS for the purpose of 
analyzing and determining spectral emission lines. The valuable of 
electron temperature for CdS in the range (0.746-0.856) eV and the 
electron density (3.909-4.691)×1018 cm-3. Finally, plasma parameters 
of CdS were discussed through nano second laser that generated 
plasma using different laser energy (500-1000) mJ. 
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باستخدام التحليل   LIBSكبريتيد الكادميوم المنتجة بواسطة تقانةدراسة معلمات بلازما 

  الطيفي للانبعاثات الضوئية

  2احمد فاضل الاءو 1وداع سدخان حسين

  العراق بغداد، بغداد، جامعة العلوم، كلية الفيزياء، قسم1
 العراق بغداد، بغداد، جامعة العلوم، كلية والفضاء، الفلك قسم2

  الخلاصة
كثافة الإلكترون   )௘ܶ(أجريت الدراسة الحالية للكشف عن معلمات البلازما مثل درجه حرارة الإلكترون      

)ne ( و تردد البلازما)fp ( و طول ديباي (	ߣ஽)وكذألك عدد الجسيمات في كرة ديباي ( ஽ܰ)  لمادةCdS 
حيث كانت نتائج درجه حرارة  .بواسطة تحليل وتحديد خطوط الانبعاثات الطيفية باستخدام تقنية التحليل الطيفي

تم مناقشة معلمات  وأخيرا .cm-3 1018×(4.691-3.909)و كثافة الإلكترون ) eV )0.746-0.856الالكترون 
  .للبلازما باستخدام طاقات ليزر مختلفة المتولدة باستخدام ليزر النانوثانية المولد CdS البلازما لمادة

  
Introduction 
     LIBS is define as an atomic 
emission spectroscopy technique 
which used high energy laser pulse to 
excite specimen. Lead the interaction 
between concentrated laser pulses with 
the sample for configure plasma    

plume [1]. Where they are considered 
plasma that were produced by laser 
beam interaction with the material is 
considered promising subject for many 
research [2]. The ablation process are 
by the laser beam reaction  with the 
target leading to quick ionization of the 
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sample  surface to produce the plasma 
in a short time frame  compare with 
pulse period. The laser light is 
efficiently absorbed by the plasma 
which expand isothermally [3]. Plasma 
is formed. Plasma is detected on using 
the spectral analysis technique of 
optical emissions. Some information,, 
like the initial formation  of the 
material can get from the plasma 
spectrum generated. Emission lines 
characteristics can supply information 
about plasma temperature ( ௘ܶ) and 
electron density (ne) [4]. The method 
utilized in the lab experiment is the 
Boltzmann plot method, were this way 
is widely utilized method for spectral 
measurements. It depended on measure 
the relative density for one lines from 
the same elemental  nevertheless, to 
applied the Boltzmann method to the 
gauge of electron temperature, the 
level of excitement must be done 
arrive under local thermal equilibrium 
(LTE) stipulation .The last allows us to 
use the traditional Boltzmann plot 
technicality to calculate	ሺ ௘ܶሻ  using the 
following equation [5]. 

݈݊ ൬
ఒೕ೔ூೕ೔

௛௖஺ೕ೔௚ೕ೔
൰ ൌ ିଵ

௄்
൫ܧ௝൯ ൅ ݈݊ ቀ

ே

௎ሺ்ሻ
ቁ  (1)  

 
where ܫ௝௜ is the intensity, ߣ௝௜ its 
wavelength, ௜݃ is statistical weight, ܣ௝௜ 
is the transition probability for 
spontaneous radiative emission from 
the level i to the lower level j, ܧ௝ is the 
excitation energy (in electron volts), k 
is Boltzmann constant, N state 
population densities [6].  But regarding 
the density of the electron can be 
determine by stark broadening of an 
emission line or using the linear 
density ratio of different emissions for 
the same elemental [7]. In this 
experiment was used the stark- 

broadening method to calculated the 
electron density (in cm-3) using 
equation [8].  

݊௘ ൌ ቀ
∆ఒ

ଶఠೞ
ቁ ௥ܰ                                   (2) 

߱௦	is the theoretical line full width 
Stark broadening parameter, calculated 
at the same reference electron density 

௥ܰ ≈10ଵ଻ܿ݉ିଷ . 
     The responses of charged particle 
(ions and electrons) for decrease 
impact of electric fields applied to it is 
called Debye shielding, the shielding 
which  granted quasi-neutrality special 
property  for, plasma. A distance	ሺ	ߣ஽ሻ 
which called the Debye length we can 
calculated from equation [9]. 

஽ߣ ൌ 	 ቀ
ఌ೚௞்

௡೐௘మ
ቁ
ଵ
ଶൗ
                                 (3)                              

 
where	ߝ௢	is permittivity of free space, 
and e the electron charge, ௘ܶ	, the 
electron temperature.  
     Also we can found number of 
particles ( ஽ܰሻ in a Debye sphere using  
the equation [10]. 

஽ܰ ൌ
ସ

ଷ
஽ߣߨ

ଷ ݊௘ ൌ 1.38 ൈ 10଺ܶ
ଷ
ଶൗ ݊௘

ଵ
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(T in K)                                             (4) 
 
Experimental setup  

The emitted spectrum of  the 
specimen was analyzed CdS after they 
were bombed using Nd: YAG laser of 
1064 nm wavelength and 200 pulse 
laser, 6 Hz pulse repetition frequency 
using with various  valuable of energy 
from (500 to 1000) mJ, where the laser 
is placed on a distance 10 cm  for the 
sample. The process of the row occurs 
after the plasma column is produced 
and then the resulting light was 
collected from the plasma via the 
optical fiber where they were set at 
angle of 450 as shown in Fig.1.  
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laser energy, but 		ߣ஽	decreases in the 
same operating conditions. Through 
the results we note that the values of 

ND >>> 1 and is one of the conditions 
of the plasma. 

 
Table 1: Plasma parameters for CdS with different laser energies in the air. 

 
Conclusions  
     Laser was used Nd:YAG  at 
wavelength (1064 nm) to produced  
cadmium sulfide plasma. The spectral 
lines intensities of the laser induced 
plasma emission exhibited a strong 
dependence on the ambient conditions. 
It was found that the intensities at 
different laser peak powers increase 
with increasing laser peak power and 
then decreases when the power 
continues to increase. Plasma 
parameters such as electron 
temperature, electron density, Debye 
length, number of particles in Debye 
sphere and plasma frequency are found 
to be strongly effective by the laser 
energy. The results showed that the  
( ௘ܶ, ND and ne) were increased with 
increase of  laser energy .While		ߣ஽ 
values decreased in the same operating 
conditions. 
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E(mJ) Te (eV) FWHM 
(nm) ne*1018 (cm-3) fp (Hz) *1012 λD *10-7(cm) ND 

500 0.746 1.500 3.909 17.754 3.246 559.781767
600 0.785 1.600 4.169 18.337 3.223 584.6776021
700 0.799 1.700 4.430 18.901 3.156 582.8103906
800 0.824 1.750 4.560 19.177 3.158 601.4844634
900 0.847 1.800 4.691 19.449 3.156 617.6053261
1000 0.856 1.800 4.691 19.449 3.175 628.3250413


