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Spatiotemporal characteristics of sheath of microwave
argon plasma at intermediate pressure

HUANG Run, SHEN Qing-Hao, HUA Wei
(School of Electronics and Information Engineering, Sichuan University, Chengdu 610065, China)

Abstract; The properties of the sheath directly affect the quality of microwave plasma applied to industry
and other fields. Aiming at the difficulty in studying the time-varying spatial distribution and electric
field distribution, the finite element method was used to establish a microwave-argon plasma three-di-
mensional model coupled with Maxwell’s equation at medium pressure to analyze the spatiotemporal
characteristics of the sheath and give its two-dimensional equivalent model. Based on the analysis of the
parameters of plasma, the formation process of the sheath and the change trend of its thickness were
presented. The time-space transient characteristics of the plasma electric field and the microwave electric
field were compared respectively. The results show that in time, due to the different diffusion speed and
stress direction of electrons and ions the thickness of the sheath increases gradually, and eventually
forms a steady state sheath; In space, the sheath exists near all the discharge tube walls adjacent to the
plasma. The electric field intensity of the sheath layer is always greater than that of the bulk plasma re-
gion, and the direction of the electric field always points to the tube wall, which has a damping effect on

the microwave electric field. In addition, it is proved by quantitative analysis that the thickness of sheath
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decreases with the increase of pressure.

Keywords: Microwave plasma; Spatiotemporal characteristics; Sheath thickness; Pressure; Microwave e-

lectric field
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Tab.1 Chemical reactions considered in the model

No. Type Reaction Ratecoefficient /(m?3/s) Energy loss AE/eV
1 Elastic scattering Arte—>Ar+te Fes
2 Ground state excitation Arte>Ar* +e kex 11. 56
3 Ground state ionization Arte>Ar' +2e ki 15.8
4 Step-wise ionization Ar* +e—>Art +2e ks 4. 24
5 Superelastic collision Ar* +e>Arte ke —11. 56
6 Metastable pooling Ar* +Ar* —>Art +Ar+te 1. 625 X106 7T0.5
7 Two-body quenching Ar* +Ar—>2Ar 3 X102
8 Three-body recombination Ar™ +2e>etAr 8. 75 X107 3T 4+5mb /s —15.76
9 Dissociative recombination Arf +e>Ar* +Ar 1. 03 X10™ (O TOeZ6 )0' . 1 710736)1;1,1?]/:,7-)
10 Electron impact Ars +eretArt +Ar 111 ><1o*12exp[ 2,943 ( 112;)0 0. TOZG ) J
11 Atomic ions conversion Art +2Ar—>Ar+Ar 7.5X107 T Tmb /s
12 Molecular ions dissociation atom impact ~ Ard +Ar—>2Ar+Ar" 6. 06 XlO’lzexp[ *L;BO]
13 Diffusion m—>wall(Ar,Ar" ,e,Ar* ,Ar )
*2 BHELTEMNBLREH
Tab. 2 Boundary conditions to the model equations

UL 458 T (Plasma)

GH —n e [e=0 —n e+ y=0 nJx=0 neeoenp =0

AB —n e+ .=0 —n e [Ar=0 nJxk=0 n e eoenpE=0

AG. BH 1+ Le =ve,hne/2 n e ['a=5ve,mn /6 e (1) A V=0
SUR S H, 74 % (Electromagnetic wave)
NM P,
L], C, DN, JE, FM, NM n XE=0

SURTS JZ¥i (Laminar flow)

GH Uin

AB Po
AG, BH u=0

SUR S FARAE L (Heat transfer in fluids)

GH T=T,

AB —n-e*qg=qosqo :h(Tcx!7T>
AG, BH —n e+ q=0
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