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Multiphysics modelling of the microwave 

discharges in a TM01-mode MPCVD reactor

With the development of microwave plasma chemical vapor deposition (MPCVD)

technique, the estimation of microwave discharge properties becomes increasingly vital to

the design of the reactors and the quality of the deposition. However, the electromagnetic

simulation and optimization of the MPCVD reactors without plasma modelling has a huge

difference compared with the reality, which decreases the significance of numerical designs.

Therefore, a Multiphysics modelling with consideration of the discharge is necessary for an

accurate design or estimation of the performance of MPCVD reactors.

In this paper, the geometrical sizes of a classic coaxial-fed TM01 mode reactor working at

2.45 GHz is optimized with a set of pure electromagnetic simulaitons. Since the TM01

mode is axisymmetric, the reactor is further simplified to a 2D axisymmetric model for the

calculation domain. The mathematical model is self-consistent and based on the plasma

fluid approximation, which takes argon plasma chemistry, transport of electrons, ions and

excited atoms, microwave propagation and energy conservation into consideration. The

microwave distribution, the number densities of electrons, ions and heavy species, the

temperature distribution of electrons are obtained under different microwave input powers

and gas pressures.
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Microwave filed equation: 𝛻 × μr
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The equation for the electron density :
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Energy density equation for electrons:
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Poisson equation:      E = −𝛻V 𝛻 ∙ ε0εrE = ρq

Transport equations of heavy species:
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Governing equations

In Fig. 5, it can be observed that when the input power keeps invariable, the high-density

plasma area gradually moves close to the quartz window as the gas pressure goes up.

Three inter-connected modules of COMSOL Multiphysics are used to implement the

mathemactical model. The first module solves Maxwell’s equation, and it derives the

distribution of microwave electric field inside the MPCVD reactor. The second module

solves the electron density distribution of the argon plasma, and the third module calculates

the electron temperature distribution.

In Fig.1 (c), domain 1 is the discharge area, domain 2 is metallic aluminum that indicates

the inner conductor of coaxial waveguide, domain 3 is air that represents the dielectric of

the coaxial waveguide, domain 4 signifies glass plate that seperates the air and the

discharge gas argon, the red sphere in the fig.1 (c) represents the plasma.The sides

including a, b, c, d, e, f, g are set to wall boundary conditions, which used to simulate the

interactions between the plasma and the wall and satisfies the equations as follows:
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ve,th × nε).
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Fig. 1 The geometry diagram

(a)3D structure model (b) 2D axisymmetric model    (c) Calculation domain 

Fig. 4 Electron density and  temperature distributions at different input powers

(a)  Electron density                   (b) Electron temperature

Fig. 5 Electron density and temperature diagrams at different gas pressures

(a)  Electron density                   (b) electron temperature

Fig. 2 Flow chart of the calculation procedure

Fig. 3 The reactions involved in this model

From the Fig.4 (a) above, it can be seen that with the increase of the input power, the area

of the plasma gradually becomes larger and moves close to the quartz window.

In conclusion, increasing either the input microwave power or the gas pressure can not

linearly enhance the electron density and temperature at the suface of the substrate holder. It

will force the high-density plasma part away from the substrate holder and move close to

the quartz window.
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