H o= ® % 5 £ R ¥ &
CHINESE JOURNAL OF VACUUM SCIENCE AND TECHNOLOGY

HF43% H 10

2023 4F 10 A 863

ST Z AL EL I RSB
SRR UNCER i GER

Fx? Fa" Iex’ AR f24’ kw
(1. INVTIIRVE2ABE YT 6411005 2. 4% Tolb VG RS P FEA 5T B AR 610041)

Atmospheric Capillary Plasma Electrode Discharge
Based on Porous Anodic Alumina

WANG Kun'?, LI Jian"", WANG Shiging’, JIN Fanya’, DAN Min’, ZHANG Shuang'
(1. Neijiang Normal University, Neijiang 641100, China; 2. Southwestern Institute of Physics, Chengdu 610041, China)

Abstract
alumina were compared and analyzed through experiments and simulations. A layer of porous anodic alumina

Dielectric barrier discharge and capillary plasma electrode discharge based on porous anodic

(PAA) was prepared on the surface of aluminum plates using the anodizing method. The effect of the porous anodic
alumina dielectric layer on capillary plasma electrode discharge was studied. The processes of dielectric barrier
discharge and capillary plasma electrode discharge with the same geometric parameters were compared and
analyzed. It is shown that the capillary plasma electrode discharge with porous anodic alumina is more stable. Dense
micro discharge paths generated in the discharge are helpful to improve the stability. The capillary plasma electrode
discharge of porous anodic alumina has two orders of magnitude higher electron density and higher electron
temperature than the dielectric barrier discharge. Plasma parameters have a periodicity with the distribution of pores
on the porous anodic alumina, which results in the plasma jet mode and improves the discharge stability.
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Fig. 1 Schematic diagram of capillary-plasma-electrode config-

uration. (a) Single capillary dielectric layer, (b) double
capillary dielectric layer
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Fig.2 SEM image of porous anodic alumina
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Fig.3 Comparison of discharge images. (a) DBD (0.20 mm
Quartz+0.20 mm Quartz), (b) CPED (0.20 mm Quartz +
9.7 um PAA)
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Tab. 1 Parameters of capillary plasma electrode discharge sim-

ulation based on porous anodic alumina

Name Value Description
1 10 kHz RF Frequency
rrf 600 V Applied voltage
dplate 0.1 m Plate diameter
Th 0.001 m Thickness
Ta 2.0x10° m PAA bottom thickness
d2 3x10“m Distance of Gap
dl 2x10' m Distance of Quartz
Dp 0.8~2.2x10" m Diameter of Pore
r 1.0~4.5 ratio of Depth to Dp
X 2.0~5.5 2.0-5.5
NPAA 40 Number of PAA

®2 RREMBREMHEERMTE

Tab.2 Main reactions in atmospheric pressure discharge simu-

lation
No. Reactons
1 etAr=>e+Ar
2 etAr=>e+Ar,
3 etAr,=>etAr
4 e+tAr=>2e+Ar’
5 et+Ar,=>2et+Ar’
6 Ar, +Ar,=>e+Ar+Ar
7 Ar,tAr=>Ar+Ar
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Fig.4 Schematic images of dielectric barrier discharges.

(a) Model, (b) grid picture
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Fig.5 Schematic images of capillary plasma electrode dis-
charge. (a) Model, (b) grid picture
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Fig. 6 Comparison of electron density. (a) DBD, (b) CPED
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K9 g5 il 1 ke BT ) b B A0 AF R T A R AR
JC R FTI A T SHLA T PR AL P 18 FRL R A [, B
HEZANE 8 oo M FR Al LAFE Hh: 1247 o B L
SR IE SE NS SR R NN e S A e N S e
5 FE B A AR A R BT X A RH P R
L5 AR 3.99x10" m°, B 4045 45 B 1A fi A
0 H H A F T BE A J KB T 3K 1.40%10™ m s A

line graph: electron density/(1/m?)

0 0.1 0.2 0.3
plasma length/mm

(b) line graph: electron density/(1/m?)

—_
(=]
=

electron density/(1/m?)

COOoCo000
o—ibhoaxo
T

0 0.1 0.2 0.3

plasma length/mm
K9 TEEJT M EFEE A L. (a) DBD, (b) CPED
Fig.9 Electron density on the vertical value line. (a) DBD,

(b) CPED

(a) line graph: electron temperature/V

w W

S W
-‘ é’ T

|

Nt
9

— N
wm O
—

electron temperature/V

<o
[

—_
(=]
iy T

0 0.1 0.2 0.3
plasma length/mm

(b) line graph: electron temperature/V
40F

35¢ -
30 4=

25 M5
2.0 Hl

1.5 HY
1.0+
0.5

electron temperature/V

3

plasma length/mm

K10 T E 7 FIRES R LS . (2) DBD, (b) CPED
Fig. 10

Electron temperature on the vertical value line.
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