
Radio Frequency Capacitive 

Coupled Plasma Ar/CF4 

Discharge 

 

 
Presented by 

Mohamed Gamal Elsheikh 

 

Supervisors 

Prof. Dr. Waleed Moslem 

Prof. Dr. Mohammed Shihab 

Prof. Dr. Tarek El-Ashram  



Outlines 

 Aim of the work. 

 What is the capacitive coupled plasma (CCP). 

 Plasma model (Fluid model and approximations)  

 Argon discharge 
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Aim of the work 

 Study the behavior of fluorocarbon content (CF4) in Ar/ CF4 plasma with ratio 
9:1 for ionized gas at various conditions. 

 Some species derived from CF4 can interact with the substrate so it can be 
deposited or be an etchant species. For example, the F atoms in the gas phase 
(g) are an effective silicon etchant, reacting with a surface (solid phase, s) to 
form a volatile etch product that may be pumped away:  

                              4F(g) + Si(s) → SiF4(g).  

 CF3+ can make dry etching.  

 CF4 capacitive coupled plasma can be used in various applications like: 
 

Fluorine containing amorphous carbon films have been synthesized by reactive high 
power impulse magnetron sputtering (HiPIMS) in an Ar/CF4 atmosphere. The fluorine 
content of the films was controlled by varying the CF4 partial pressure from 0 mPa to 
110 mPa at a constant deposition pressure of 400 mPa and a substrate temperature of 
110 ºC.  
 

 
 
 



Capacitive coupled plasma (CCP) 

 CCPs consist of two parallel electrodes, typically of radius r ∼ 0.2 

m separated by l ∼ 3 - 5 cm, and biased by a radio-frequency power 

supply, typically operating at 13.56 MHz. A plasma forms between 

the electrodes, from which it is separated by space charge sheaths, 

the thicknesses of which vary at the excitation frequency. 

 

 



CCP cont…  

 The discharge can be symmetric or asymmetric electrically 

by using two AC sources with different frequencies, or 

geometrically by using different electrodes in area. 

 Our work is in symmetric discharge. 

 

 

 

 

 

 

 The ion flux and the ion energies are directly proportional to the deriving 

frequency. 



Fluid Model 





Argon Discharge 

 Atomic processes considered in this simulation  



Gain and loss in continuity eq. 



Potential & Electric Field 



Flux of Electrons, Ions, and Meta-stable States’ 

Density. 



Kinetic Model (PIC) vs. Fluid Model 

 30 hrs. simulation versus 3 mints. Simulation. 



Ar/CF4 Discharge  





Results of some species at various Te 

1 eV 2 eV 



Results Cont… 

2 eV 

3 eV 



Results at Various Waveforms (Te=1eV, 

no=1*10^15 m^-3) 









Conclusion  

 Major species from this analysis are 𝐶𝐹3+and F 

(highest densities), so these species are used in 

industrial applications. 

 

 When it’s needed to increase there densities we 

should increase the temperature and the 

density of ionized argon. 



Thank You 



 CCPs & Blocking Capacitor  

 


