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Abstract Key words 
     In this work the parameters of plasma (electron temperature Te, 
electron density ne, electron velocity and ion velocity) have been 
studied by using the spectrometer that collect the spectrum of 
plasma. Two cathodes were used (Si:Si) P-type and deposited on 
glass. In this research argon gas has been used at various values of 
pressures (0.5, 0.4, 0.3, and 0.2 torr) with constant deposition time  
4 hrs. The results of electron temperature were (31596.19, 31099.77, 
26020.14 and 25372.64) kelvin, and electron density (7.60*1016, 
8.16*1016, 6.82*1016 and 7.11*1016) m-3. Optical properties of Si 
were determined through the optical transmission method using 
ultraviolet visible spectrophotometer with in the range 
(300 – 1100) nm.  

Co-sputtering, OES, 
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Article info. 
Received: Jun. 2016
Accepted: Sep. 2016
Published: Dec. 2016

  

 دراسة طيفية لمعلمات البلازما في منظومة الترذيذ المزدوج

  رباح عبدالحميد عيدانكاظم عبدالواحد عادم، 

 قسم الفيزياء، كلية العلوم، جامعة بغداد

 الخلاصة 
، سرعة الالكترونات، الكثافة العددية للالكترونات، درجة حرارة الالكترون(تم دراسة معلمات البلازما     

 –سيليكون (حيث استخدم الكاثود المزدوج . بإستخدام جھاز الطيف الذي يجمع طيف البلازما) سرعة الايونات
 0.5, 0.4,(تم استخدام غاز الاركون في ضغوط مختلفة  .وتم ترسيبه على زجاجة P-Typeمن نوع ) سيليكون

 حيث اظھرت نتائج درجة حرارة الالكترون. ساعات 4بثبوت زمن الترسيب لمدة ، تور) 0.2و  0.3
 وونتائج الكثافة العددية للالكترونات   ) كلفن، 25372.64و  (31596.19, 31099.77, 26020.14

7.11*1016) m-3 كذلك تم ايجاد الخصائص البصرية للسيليكون  1016*6.82 ,1016*8.16 ,1016*7.60) و
للاطوال ) المرئي/ فوق البنفسجي (بطريقة طيف النفوذية البصرية وذلك بإستخدام جھاز الطيف البصري 

  .نانو متر) 300-1100(الموجية 
  

Introduction 
     Co-sputtering is widely used 
technique for the metal oxide and 
metal nitride surface coatings. Plasma 
species in the discharge are governed 
by the reaction of gases and metals in 
particular ratio due to the electrical 
fields, cathode (material used for 
sputtering), pressure, discharge power 
density and sputter gas used [1]. When 
co-sputtering is performed in the 
presence of a reactive gas, it is called 
reactive co- sputtering. Co-sputtering 
of two different materials has typically 
been accomplished with ion beam 

sputtering or the use of RF or DC 
supplies to deliver power to sputtering 
targets and preparing thin films and it 
is a superior in terms of composition 
reproducibility and thinness on a large-
area substrate [2-4]. Sputter deposition 
is one of the most important 
preparation methods because the 
composition of alloy films can be 
controlled and the adhesion of film to 
substrate can be increased [5]. 
     The optical emission spectroscopy 
(OES) technique is non-invasive, easy 
to implement and measurements are 
fast. The OES is passive and based on 
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recording light emitted from the 
plasma. Through collisions of plasma 
particles with electrons, plasma 
particles are excited to higher 
electronic states. Relaxation, of excited 
particles which are present in the 
chamber, that the lower energy's levels 
is the origin of emitted photons of 
light. Energy of released photon is 
equal to the difference between excited 
and lower energy state and 
corresponding with wavelength of 
spectral line described by relation [6]: 

ߣ ൌ ௛௖

ாೕିா೔
                                           (1) 

 
where h is Planck’s constant, c is the 
speed of light, Ej and Ei is upper and 
lower energy state, respectively. Since 
the energy of a transition is a 
characteristic of the particle species, 
the analysis of the photon energy can 
reveal the composition of the plasma. 
     Plasma diagnostics are the 
techniques used to obtain information 
about the nature (properties) of plasma, 
such as the chemical compositions and 
species of the plasma, density of the 
plasma, plasma potential, electron 
temperature, ion/electron energy 
distributions, ion mass distributions 
and neutral species. Spectroscopic 
methods for plasma diagnostics are the 
least perturbative, and for the evolution 
of the plasma parameters, they study 
the emitted, absorbed or dispersed 
radiation [7]. The simplest approach in 
determining temperature is done by 
taking the intensity ratio of two 
spectral lines, provided that the 
population densities of the lines in 
upper level are in local thermal 
equilibrium (LTE). Take note that the 
temperature determined from this 
method refers to excitation temperature 
hence if (LTE) condition holds, the 
temperature is then known as electron 
temperature. The intensity of the 
spectral line which is assumed to be 
optically thin is given by [7]: 

௜௝ܫ   ൌ
௛௖஺೔ೕ௚ೕ	௡

ఒ೔ೕ௎ሺ்ሻ
	݁ሺ

ಶೕ
ೖ೅
ሻ																											 (2) 

 
where Ii, j and λij is the intensity and 
wavelength corresponds to transition 
from i to j respectively, h is the 
Planck’s constant, c is the speed of 
light, number density of emitting 
species n, partition function U(T), Aij 
is the transition probability between 
level i and j, Boltzmann’s constant k, 
excitation temperature T, gj is the 
statistical weight of upper energy level 
and Ej upper energy level in eV unit. 
     The electron temperature and 
density can be calculated in low 
pressure plasma spectroscopically. 
Also, electron temperature can be 
measured by using line intensity ratio 
method by considering the integrated 
intensity ratio of two spectral lines 
belonging to the same atomic species, 
the formula is given by [8]; 
                         

௘ܶ ൌ 	
ாమି	ாభ

௞
ቂln ቀ஺మ௚మூభఒభ

஺భ௚భூమఒమ
ቁቃ
ିଵ

           (3) 

 
where (E1-E2)  is the energy difference 
of two spectral lines. 
 
Wavelength 

nm 
g A E(ev) 

SiI 698.85 5 1.60E+07 7.730406 

SiII 772.1 4 7.56E+05 14.131312 

 
     The electron collisions is the 
condition that the atomic levels should 
be populated and depopulated 
predominantly, rather than by 
radiation, which is requires an electron 
density which is sufficient to ensure 
the high collision rate. According to 
the LTE, the formula was used to 
determine the electron density is [9, 
10]; 

݊௘ ൒ 1.6 ൈ 10ଵଶܶ
ଵ
ଶൗ ሺ∆ܧሻଷ              (4) 

 
where T (K) is the plasma temperature 
and ∆E (eV) is the energy difference 
between the states. 
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