
Design of a new MPCVD reactor with 

magnetic excitation

Among various setups of the diamond chemical vapor deposition (CVD),

microwave plasma CVD (MPCVD) is a widely used technique for high-quality

diamond films. The high microwave power density in the plasma of MPCVD reactor

determines the morphology and growth rate of single crystal diamond on the plate.

In our paper, a new MPCVD reactor with magnetic excitation is designed, which is

capable of forming a TM02 mode on a cylindrical substrate. It has a strong and

homogeneous electric field that can produce a larger and stable plasma block.
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Firstly, to obtain a large-area discharge, the TM02 mode is preferred in the cylindrical

resonant cavity, since it has an axisymmetric and relatively uniform distribution of

the microwave electric field as shown in Fig. 1. (b). The minimum radius of the

cylindrical cavity can be determined by comparing the working wavelength with the

cutoff wavelength of the TM02 mode, as shown in Fig. 2. Finally, to enhance the

power capacity of the MPCVD reactor, an annular waveguide with slots is applied to

magnetically excite the TM02 mode in the cylindrical.

Fig. 1. (a) Magnetic excitation and (b) TM02 mode.
Fig. 2. Cut-off wavelengths for various 

modes of circular waveguide

Fig. 5. Electric field distribution diagram

Fig. 3. Electric field distributions of different devices

Fig. 4. Division of electric field under various substrate radius
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After optimization, the strongest electric field and the largest electric field area are

obtained at the substrate radius R=78mm.
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(1)A new TM02 mode MPCVD reactor is successfully designed with the

magnetic excitation and the field-compression technique.

(2)The magnetic excitation is realized by the multiple slots on an annular

waveguide, so that the MPCVD has a larger power capacity compared

with that fed by the coaxial waveguide.

(3)The intensity of the microwave electric field above the substrate holder

is improved and its distribution becomes more uniform due to the

application of a dome.

This design method can also be used for other magnetically excited

MPCVD reactors.Fig 3 shows the design and optimization process of the proposed MPCVD device.

The TM02 mode can be excited in an empty cylindrical resonant cavity as shown in

Fig. 3(a). and the electric field is change as Fig 3.(b) with the presence of substrate

holder. The microwave electric field can be compressed with a dome (c), with the

substrate holder.(d).

Fig 4 shows the impact of the radius R of the substrate holder on the microwave

electric field distribution in the cylindrical resonant cavity, and it can be seen that the

MPCVD reactor with this structure has a stable electric field even the radius of the

substrate holder changes from 74 mm to 94 mm.
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