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Fig. 1. Schematic diagram of breakdown on gas side of

dielectric window of high power microwave.

K-S 2 AR AR TR 1 e R B R P
KLY B3z Sl R $3E T A 280 2 WL B A Y — T £
{ESERY. R SOR =4 0 A 5 — 42 18] 73 A 1Y
RS 4 B RIE ARSI X A o o A o 2
HEATASLL -7 10-10 3 b 2R Y T LA S8 A R T
A HE0E 1) B e PR T A (2 %h) LRI
2SRRI S A R R A
(USRNSSR 778 5P A AN 2 AR R
ST Z 1B AR AR 520 ) KA 3R T T 2
MRS Ji0h, e ReR, RRLTa 7
TERG |ARL -5 2 RS AR A .

TERIE A FAHGOE LRI TR, A
HURELT (FL IS 1) AT BRI, B AL U T SR A

d

gmv = q(En + Emw + MoV X HmW)7 (1)
dz
-, — Uz, 2
at " ®

S m A q 4R ISR LR T 10 B R
AR TIGHEIE: v, 2 o fe 2B LH05 £, 2
HALBGE TS, B, SHL ¢ AT R: E, -
Sl oot e, S MO SR R
W BT g, VT REAT S

Horh, p R AT 3L, eo W ELZS A B L

FIR R (1) F1(2) T4 24517 OB L &
R 5 38 A B AR T VR A A T S Y p.
ETARED T EBUEE O (3), S22
A A =0 R AR . SR AG SRR IE R TR
R A% =X AR RE, ST LIRS ¢ A1 B,

A HRL 515 S AR R R A B i RN Bl
AR, IR (1) F(2) AR R Y R 3 B
A BB ] 28 . Sz, FATZ WA SR R T
7 A R 5 AR Z Bl A R R 78 Sy
TR SR A B, R T A SRR
Y522, PRI T S SR . sk 1 3,
L 5 S ) A R R AN S 3 RO [R] 2 ALY
JE, BVSEPERLS | WO fR e SO, X T+
TR T Z B R R, HE T A S R s HE
SN . SCHR [26] C284RiE 1T R 5 E A2
P Rl A AT . AR BRI TAEAC N, R SRR 2T
IRFNWHT HEORL A A AT AR S 7. 34N, 5 HL
SRR 0] R A R i, AR 2 S ) T
HNEEW/ NN Ex = Exo — Bexe , e Exo Rl Z i
HIHL T BN R, Eexe NIRRT ) R0 BIE BE &, B
11.5 eV(ILFE 1). M4l 2 J5 B i1l RE, 45
B P AR P I T AT B R B L A
R TERE T R Th SR I s e s B i P UA
{H 5 2 i (RIAR J HLA ok %85 BE AR TR =
A% B T B g, PRILZ2mE T Ak 5 h
PR AR R R AT T P AR TR E P )

B0 AR R R 2

Table 1.  Collision reaction between charged particles

and argon gasl?0l.
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Fig. 2. The change of (a) mean electron energy, microwave
electric field, and (b) number of electrons over time with
the macro-particle weights as variables and constant, re-
spectively. The background gas pressure is 100 Torr in this

figure.
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Fig. 3. The variation of electron number density with co-
ordinate z at time t=2.5ns when the weights of
macro—particles are variables and a constant, respectively.

The background gas pressure is 100 Torr in this figure.
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resenting electrons over time when the weights of
macro—particles are variables and a constant, respectively.
The background gas pressure is 100 Torr in this figure.
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Abstract

Gas breakdown is one of the key factors limiting the increase of power capacity of the outer surface of high-
power microwave dielectric window. It is of great significance to conduct corresponding simulation studies.
Compared with the fluid model, the particle-in-cell-Monte Carlo collision model has two advantages. One is that
the influence of numerical dispersion and instability problems is insignificant, and the other is that it can
accurately describe microphysical processes. Therefore, the breakdown characteristics on the gas side of
dielectric window are simulated by using the particle-in-cell-Monte Carlo collision model. The two-in-one macro-
particle merging method is introduced into the model, thereby greatly reducing the number of macro-particles
tracked. Therefore, the whole breakdown process can be simulated and analyzed. The results show that the
spatial and temporal evolution of breakdown under the variable macro-particle weight is in good agreement
with that under the constant macro-particle weight. This suggests that the two-in-one macro-particle merging
method is applicable under the simulation conditions of interest in this paper, i.e., when the ratio of the
effective electric field of microwaves to the pressure is between 1.76 x 10° and 1.41 x 10* V/(m - Torr). Since
the yield of the secondary electron emission is much less than 1, gas ionization is the dominant mechanism of
breakdown on the gas side of dielectric window. Electron ionization and electron diffusion lead the density and
thickness of the plasma to significantly increase over time. The peak of electron density does not appear at the
dielectric surface, but at a position of 100-150 pm away from the dielectric surface. This is because a large
number of electrons are deposited on the dielectric surface, and the accompanying self-organized normal electric

field drives the electrons away from the dielectric surface. Because the pressure of background gas of interest in
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this work is higher than the critical pressure corresponding to the maximum ionization rate (about 10 Torr), the
ionization rate decreases monotonically with pressure increasing, resulting in a slower development of
breakdown. The accuracy of the particle-in-cell-Monte Carlo collision model is confirmed by comparing the
simulated values of breakdown time with experimental data. This work provides an important theoretical basis
for understanding and controlling the breakdown on the gas side of dielectric window. The following figure (a)
shows that the mean electron energy under the variable macro-particle weight agrees well with that under the
constant macro-particle weight at about 100 Torr. The following figure (b) shows that when the plasma density
is increased by a factor of 108, the breakdown process can be considered by using the particle-in-cell-Monte

Carlo collision model and a two-in-one macro-particle merging method.

Keywords: gas breakdown, dielectric surface, high-power microwave, particle-in-cell-Monte Carlo collision

model, macro-particle merging method
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