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Numerical Simulation Analysis of Electron Density Distribution
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ZHU Minghui', CHEN Yu'", XU Manman', SHEN Jie’, LI Xiang’, ZHOU Yan'
(1. Faculty of Mechanical and Automotive Engineering, Anhui Polytechnic University, Wuhu 241000, China;
2. Hefei Institutes of Physical Science, Chinese Academy of Sciences, Hefei 230031, China)

Abstract In the process of depositing polycrystalline diamond thin films by microwave plasma method, the
adjustment of process parameters often has a greater impact on the size and uniformity of the plasma ball. Based on
the 5 kW MPCVD cylindrical chamber made in the laboratory, this paper combines multiple physical fields to study
the axial and radial electron density distribution on the surface of tungsten plate under hydrogen discharge
conditions under different process parameter conditions, and evaluates the uniformity of the plasma distribution
using the coefficient of variation. The main process parameters include input characteristics (power and pressure),
different heights of tungsten plates, and the use of different height tungsten rings. The simulation results show that
the volume of the plasma ball increases with the increase of power and decreases with the increase of pressure.
Compared with power, pressure change has a greater impact on the axial uniformity of the plasma ball electron
density. The surface radial uniformity of the tungsten plate will be affected by the height being too low or too high,
and the more obvious edge discharge phenomenon will be observed as the height increases. The addition of tungsten
rings can improve the surface uniformity, and the radial uniformity is better when the height of the tungsten plate
and the tungsten ring is approximately the same, among which the coefficient of variation of the radial uniformity is
11.1% when the tungsten plate is 0.2 mm higher than the tungsten ring, an improvement of 59.6% compared with
the condition without tungsten ring.
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Tab. 3 Coefficient of variation of raw data and electron num-

ber density
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PR M 2 T A AR 1) A7 B T g A S PR R T A
WG, TERE £ 5 & WA I 4 52w 22 1 35 2
TR B A MR B A BR U 0 X Al T 2 A0 1 ok
AT RS =i

(D)5 A FRPE (PR 5k ). TR 4 K (600 W—
1200 W) 55 B3 1A BR U B 3% W 38 K, e 9 4 oK

(4 kPa—8 kPa) %5 B F IR BRAY IR B /N, TR L ZE AR 78
B T IRER IR B R AR AT 2 P IR m DR, 7

L) 2 e o [ B R 4% R R 2 (S kPa), B A TR
oo R ECA S R A S TR SR EUE K
Tokakss, i A DB — A LR, N EE AR
PR MRk SE B R T R 2 S A WA A K TR R

548 14 RS (AR DAY P 28 R O 40 I 3 I, A L 3
TINTII R, 58 114 14 02 T S0l 1) P 2880 8800 B 14
XoF it 1) H, 8 BE A S MRS IR

(2) R M 3 B« B Al e B TR 4 5 ) 3R T AR 1)
FL % A A, AR R R A A B T RN B T
ANEHM, SH R R B A v L B R AR R S ARG
S, VPG AR S Re R R R AR X ST

(3)BHER 1 V8 N 8 A5 A R0 0 35 B M % T 748 1] H
TR, MO SR B I, TSR AR =
R 0.2 mm B 2R S R K00 11.15%, A1 LT TEH3F T
BR R T 16.59%, 45 PR R fcfd:

Z % x #

[1] Zhang Y Z. Simulation and experimental study of new
MPCVD diamond film deposition device[D]. Taiyuan
University of Technology, 2022 (5k— &L, il MPCVD
G WA GRS A N SR BIF ST [D]. R JEHL TR
#2022 (in Chinese) )

[2] Zheng Y, Liu J, Wang J, et al. The direct-current charac-
teristics and surface repairing of a hydrogen terminated
free-standing polycrystalline diamond in aqueous solu-
tions[J]. Journal of Physics and Chemistry of Solids, 2019,
130: 111119

[3] May P W. Diamond thin films: a 21st-century material[J].
Philosophical Transactions of the Royal Society of Lon-
don series A: Mathematical, Physical and Engineering
Sciences, 2000, 358(1766): 473—495

[4] Kamo M, Sato Y, Matsumoto S, et al. Diamond synthesis
from gas phase in microwave plasma[J]. Journal of Crys-
tal Growth, 1983, 62(3): 642—644

[5] LvFX, Tang W Z, Li C M, et al. Research progress on
large-area optical-grade diamond self-supporting films[J].
Infrared Technology, 2003(4): 1-7 (F &, FEAL ., 2=
B, S5 R B G NI F SRR ST E e [1].
LT HMEAR, 2003(4): 1-7 (in Chinese))


https://doi.org/10.1016/j.jpcs.2019.02.022
https://doi.org/10.1098/rsta.2000.0542
https://doi.org/10.1098/rsta.2000.0542
https://doi.org/10.1098/rsta.2000.0542
https://doi.org/10.1098/rsta.2000.0542
https://doi.org/10.1016/0022-0248(83)90411-6
https://doi.org/10.1016/0022-0248(83)90411-6
https://doi.org/10.1016/0022-0248(83)90411-6

256

Ho o= B

ST 5 I NI S

545 %

L6]

(7]

[8]

(9]

[10]

(11]

[12]

[13]

Messier R, Badzian A R, Badzian T, et al. From diamond-
like carbon to diamond coatings[J]. Thin Solid Films,
1987, 153(1-3): 1-9

Nad S, Gu Y, Asmussen J, et al. Growth strategies for
large and high-quality single crystal diamond substrat-
es[J]. Diamond and Related Materials, 2015, 60: 26—34
Wang B, Weng J, Wang Z T, et al. Investigation on the
influence of the gas flow mode around substrate on the
deposition of diamond films in an overmoded MPCVD
reactor chamber[J]. Vacuum, 2020, 182: 109659

Li L, Zhao C C, Zhang S L, et al. Simulation of diamond
synthesis by microwave plasma chemical vapor deposi-
tion with multiple substrates in a substrate holder[J]. Jour-
nal of Crystal Growth, 2022, 579: 126457

Fiiner M, Wild C, Koidl P, et al. Numerical simulations of
microwave plasma reactors for diamond CVD[J]. Surface
and Coatings Technology, 74-75 (1995) 221-226
Hassouni K, Grotjohn T, Gicquel A, et al. Self-consistent
microwave field and plasma discharge simulations for a
moderate pressure hydrogen discharge reactor[J]. Journal
of Applied Physics, 1999, 86(1): 134—151

Jin S. Numerical simulation of plasma characteristics and
reaction process in microwave chemical vapor deposition
cavity[D]. Harbin Institute of Technology, 2020 (4 iji.
A A AR TURUES N 25 B - ARRe I S O i R (e
i [D]. MR Tk K2#, 2020 (in Chinese) )

Chan S Y, Tu J P, Huang K, et al. Preparation of 2-inch
MPCVD optical-grade homogeneous diamond film[J].
Journal of Inorganic Materials, 2023, 38: 1413—1419 (y=
B, BN, R, 45 2 3] MPCVD Y6239 144) 4

[14]

[15]

[16]

[17]

(18]

[19]

[20]

W7 1B ] A5 FST (9], TE ML AE RE 2% 4R, 2023, 38:
1413-1419 (in Chinese) )

Shivkumar G, Tholeti S S. Analysis of hydrogen plasma
in a microwave plasma chemical vapor deposition
reactor[J]. Journal of Applied Physics, 2016, 119(11):
113301-1-113301-13

Hassouni K, Silva F, Gicquel A, et al. Modelling of dia-
mond deposition microwave cavity generated plasmas[J].
Journal of Physics D: Applied Physics, 2010, 43(15):
153001(45pp)

Marques L, Jolly J, Alves L L, et al. Capacitively cou-
pled radio-frequency hydrogen discharges: The role of ki-
netics[J]. Journal of Applied Physics, 2007, 102: 063305
Capitelli M, Ferreira C M, Gordiets B F, et al. Plasma ki-
netics in atmospheric gases[M]. Springer Science and
Business Media, 2013

Su F. Study on controllable growth of CVD diamond
film[D]. Wuhan Institute of Technology, 2014 (7 M .
CVD 4 Wl AT 2 AR I IFSE [D]. s TR R,
2014 (in Chinese))

Hagelaar G J M, Hassouni K, Gicquel A, et al. Interac-
tion between the electromagnetic fields and the plasma in
a microwave plasma reactor[J]. Journal of Applied
Physics, 2004, 96(4): 1819—1828

Zhang B H, Jian X G. Numerical simulation and experi-
ment of uniform growth of MPCVD diamond coating[J].
Diamond and Abrasives Engineering, 2024, 44(2): 161—
168 (3kxit4E, /MK MPCVD 4RIl i 2 A0 A K
B RELREADL 5 S5 [T]. WA 5 R B TR, 2024,
44(2): 161-168 (in Chinese))


https://doi.org/10.1016/0040-6090(87)90164-7
https://doi.org/10.1016/j.diamond.2015.09.018
https://doi.org/10.1016/j.vacuum.2020.109659
https://doi.org/10.1016/j.jcrysgro.2021.126457
https://doi.org/10.1016/j.jcrysgro.2021.126457
https://doi.org/10.1063/1.370710
https://doi.org/10.1063/1.370710
https://doi.org/10.1063/1.4943025
https://doi.org/10.1063/1.2779268
https://doi.org/10.1063/1.1769607
https://doi.org/10.1063/1.1769607

	1 装置介绍及数值建模
	1.1 数值建模
	1.2 MPCVD仿真模型

	2 仿真结果与分析研究
	2.1 输入特性（功率及压强）
	2.2 钼板高度影响
	2.3 钼环的影响

	3 结论
	参考文献

