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4. Conclusions

This study observed the appropriate physics settings required 
for calculating the correct coil voltage by determining the optimal coil 
impedance using COMSOL Multiphysics. The simulation is conducted 
using a three-dimensional asymmetric ICP discharge model for semi-
conductors manufacturing process, and this work is based on fluid 
models for plasma. Owing to the difference in the calculation of the 
electric field, magnetic field physics and magnetic and electric field 
physics show large differences in the total electric energy that leads to 
variances in impedance. This shows that accurate electric field 
calculations are essential because they are closely related to the power 
induced to the plasma chamber. In addition, due to the absence of a 
setting to apply ground to the output of the antenna and the 
diversified geometric characteristics of the antenna structure, the use 
of coil geometry analysis node results in incorrect current calculations 
which leads to a numerical error. Therefore, accurate impedance cal-
culations computed from the electromagnetic field based on Poynting’s 
theorem increase the simulation accuracy.

To obtain more suitable plasma properties, future studies will 
include heat transfer physics that considers changes in enthalpy 
caused by collisions and flow physics to consider the change in 
pressure and velocity fields along the flow of fluid.
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Figure 6. Comparison of electron temperature on sliced xy plane.

Figure 7. Comparison of electric potential on sliced xy plane.

Figure 8. Comparison of collisional power loss on sliced xy plane.

https://doi.org/10.1063/1.1555678
https://doi.org/10.1116/1.578282
https://doi.org/10.1116/1.578282
https://doi.org/10.1201/9781420012279
https://doi.org/10.1201/9781420012279
https://doi.org/10.1063/1.127021
https://doi.org/10.1063/1.127021
https://doi.org/10.1116/1.587101
https://doi.org/10.1116/1.587101
https://doi.org/10.1109/27.763037
https://doi.org/10.1063/1.354487
https://doi.org/10.1088/0022-3727/42/19/190301
https://doi.org/10.1088/0022-3727/42/19/190301
https://doi.org/10.1088/0741-3335/54/12/124012
https://doi.org/10.1016/j.vacuum.2014.06.012
https://doi.org/10.1063/1.352926
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Plasma+Etching+Technology+%28Miraecom%2C+2006%29&btnG=
http://home.zcu.cz/~kozakt/MPPL/literatura/Lieberman%20-%20Principles%20of%20Plasma%20Discharges%20and%20Materials%20Processing%20-%202nd%20edition.pdf
http://home.zcu.cz/~kozakt/MPPL/literatura/Lieberman%20-%20Principles%20of%20Plasma%20Discharges%20and%20Materials%20Processing%20-%202nd%20edition.pdf
https://www.elsevier.com/books/handbook-of-plasma-processing-technology/rossnagel/978-0-8155-1220-2
https://www.elsevier.com/books/handbook-of-plasma-processing-technology/rossnagel/978-0-8155-1220-2

	Inductively Coupled Plasma Discharge Simulationfor the Semiconductor Process ConsideringImpedance Calculation in 3D Asymmetric Structure
	I. Introduction
	2. Experimental details
	2.1. Model description
	2.2. Equations
	Plasma
	Electromagnetic field
	Impedance calculation


	3. Results and discussion
	3.1. Case comparison focused on the electromagnetic fieldanalysis
	Impedance and the following dependent variables
	Distribution of coil voltage and electromagnetic field

	3.2. Case comparison focused on the plasma characteristics

	4. Conclusions
	Acknowledgements
	References

