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Motivation 
• Studying the effect of pressure, applied voltage and frequency 

on the properties of the formed plasma.

• Studying the conditions for the transition from neutral plasma 

to non-neutral plasma.

• Studying the possibility of generating sound waves for ions 

and generating soliton waves when moving from the neutral 

plasma to the non-neutral plasma.



Capacitive coupled plasma CCP
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Particle in cell simulation

(PIC)

 An RF-CCP simulation is conducted using a 1d3v PIC code 

in Cartesian coordinates.

 The code solves the motion equation of plasma super 

particles in a self-consistent manner, employing an 

electrostatic approximation and Poisson’s equation.



PIC simulation parameters for He 

RF-CCP 

 The distance between the two planar electrodes is 5 cm and the 

gap size is discretized into 129 grids.

 The simulation runs for 5000 RF periods of the 60 MHZ 

cycles.

 The driven frequencies are 60 MHz and 1 MHz,

𝑽𝑹𝑭 = 𝑽𝟔𝟎 𝐬𝐢𝐧 𝟐𝝅𝟔𝟎𝐌𝐇𝐳𝒕 + 𝑽𝟏𝐬𝐢𝐧(𝟐𝝅𝐌𝐇𝐳t).

 The voltages of the frequencies change, where the total is 

constant, . 𝑉60 + 𝑉1 = 500V



Figure 1: (Left) The time averaged charge density separation. (Right) the time 
averaged density.



Figure 2: (Left) The electron density as a function of time and position. (Right) 
the electric field as a function of time and position.



Figure 3: (Left) The time averaged charge density separation. (Right) 
the time averaged density.



Figure 4: (Left) The electron density as a function of time and position. (Right) the 
electric field as a function of time and position.



Ion Acoustic modes and solitons

 The intermediate radio frequency regime holds the 

inequality 𝜔𝑝𝑒 >> 𝜔𝑅𝐹 ≈ 𝜔𝑝𝑖 .

Where 𝜔𝑝𝑒 , 𝜔𝑅𝐹 and 𝜔𝑝𝑖 are the electron plasma frequency, 

the radio frequency and the ion plasma frequency, 

respectively.

 The ionization degree in low temperature plasma is very 

low. Therefore, the main collision term is the momentum 

transfer between the charged species and the background 

gas.





 By making the normalization by using:

We found :



• In order to find the KdV equation a transformation is 

made with a first order perturbation:





The conditions for the transition from neutral 

plasma to non-neutral plasma in plasma jet at 

atmospheric pressure 





Conclusion 

 The capacitively coupled plasma is investigated kinetically 

utilizing the particle-in- cell technique.

 The He plasma is generated via two radio-frequencies. 

 An oscillatory soliton like structures are excited for electrons. 

An electron density pulse oscillates between the two 

electrodes. Ions are almost stationary.

 By increasing the gas pressure, the amplitude of high 

radiofrequency, the gape size, or replacing the He gas with Ar

gas a quasineutral region known as plasma bulk is formed. 



Conclusion
 In the neutral discharge regime, the oscillation of electrons 

exist only in the sheath. Before the creation of plasma bulk, the 

discharge is known as a non-neutral discharge, where, electron 

soliton like structures are always exist. 

 An analytical model is presented. The KdV equations predict a 

damping ion soliton like structures. 

 Supersonic electron solitons are exist in the non-neutral 

discharge regime.

 At different pressure 2 pa, 3 pa,4 pa,5 pa and 6 pa respectively, 

plasma bulk not excited  at small pressure as shown in the next 

figures 






