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Simulation Investigation on the Formation of Potential Barrier in the Initial Stage of
Pseudospark Discharge
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Abstract: Pseudospark discharge is a kind of special low pressure discharge which works in the left half branch of Paschen
curve. It has important applications in gas switch and electron beam sources. When the pressure is low, the potential bar-
rier will be formed at the cathode hole at the end of the hollow cathode discharge stage, which will hinder the outflow of
electrons in the cathode cavity and thus hinder the further development of discharge. In order to study the formation pro-
cess of potential barrier, particle simulation and Monte Carlo collision method (PIC/MCC) are used in this paper to
establish a two-dimensional electrostatic plasma simulation model coupled with external circuit elements. By studying the
variations of electric potential and charge in the cathode hole area, it is found that when the virtual anode is formed at low
pressures, the electric potential at the cathode hole decreases rapidly, which accelerates the outflow of electrons in the
cathode hole until the electrons are exhausted and finally forms the electric barrier. The simulation results show that in-
creasing gas pressure can effectively increase the number of electrons, ions and the probability of collision ionization of
electrons in the cathode hole, so that the formation time of the barrier can be continuously pushed back or even complete-
ly suppressed. After the formation of the virtual anode, the collision ionization in the cathode hole is mainly maintained
by a large number of free electrons generated during the discharge stage of the hollow cathode, and the effect of second-
ary electron emission on the electric field establishment of the virtual anode and sheath layer is only 20%.

Key words: pseudospark discharge; potential barrier; PIC/MCC; depletion of electrons; secondary electron emission

0 35

D KAETE L — b S AT 2O AR A, A
DA L2 F 24 /e 2 SRR AR U B I,
TRORIEEEANILA, S D KAECR R B
KAETHCAE PR K R AL 0 R 70 R DI TS L 1 e 7

HERRE: 1K 0 AREE S L H (51777163).
Project supported by National Natural Science Foundation of China
(51777163).

FAIE, # ZNHTAEIFR. A, Rk
TGRS AR 2 USR0S 27 J i s 9 A4 3
JETT T3 KAET B RIRT T, AR B A 4
B RE PR AT AN T, (3 AT DURE fid A AR X T
TE NI KAETOE 7 Oy 4 BB TR, 250 B
SO GRS ) CER I Gl B

H AT 2% 08 KA TSR 1 0 31 B2 T K
FETECHR TSR R B, RISl SRR ZI RE BH AR B
Wl T BRI = o A2 2438 XD KAE OB AT 46



PNEAE, HIIRRE HZUE, S Db KA I BUR 5 3 42 T8 iU 1 JO 7T 359

B B s AR AT T VR AR BT F 126200, Pitchford
F1 Boeuf S8 NEESL [ AR—RL FIR-ABIAL, AT 504
IR 1O KAETCRRIGE M B R i 7, Bz
TR REREARTE AN R . 2SO BRI . B
JETERUS), Kushner &8 A\ EE R AF 9 1 B9 1Rl 4 )
PERIUS, SHERSE N 07 1 0 o A v F s AT
B RN, H UL b TAESS AR5 R B 2 T8 Bk
JER R R IR . EH T AR PR
B, RTHERZ, MUERAERE TR
TIEHATREE,  PRAE A7 3 3t 3k oA h AR A = T
JSJ5 , D KA T DA i 28 e 2 R M TR Ha 21250
HY b, YINREEETE S RO BCR R A
AR AL ) B ER R LR B, 2 Brx UL AN ]
(IR I TR A TR 2 S5 B B K AE TR R e 7= AR K
AR

IR 25 2 0 R R B DI TR FRL TR T SO o 4
TAER MR, s s g g | e i) # e - &S
FILAIT2E, i 37y S FELUALAE BH AR Al i Ak 5| 7 ) A
RN, PARHRE B IRALH R 50 R e Fi2el,
RIX L3RI F T EAH (R 2 A, RITE Y RGER 25 S A
TR AT AR ALAL BB JZ Re s RR e, BHE
WReg ke e 4ERE, NI ERUETT ORI T BE 8 SRAFIR =
MIResE, PR EA AR E. F5E L,
FEZ AT TAEH &I, S BT, BfkfLAb
EA—ERWR SRR E B, E OISR
B R B REARIL T A4, TR T
TR — 2 R R O AR I FL S A A M FR L T
9 0 1 X e HL 3B AR, X 5 P8 K AETF AR SRR
fECH fi e T8 R RS M FRAEAH — B, T3 KR
A HRIT O KAETF K ) B 2 B K F R B A2 o DALk
XA K AETE AT AR B B AR A 2 T 1 T HE e )
WL R CH L, BBk E T P KA RE S W
Lo B BT L A A Ry B AR TR FL

LA T AR SRR R ke,
iz Z % (transport coefficients) PR, 15 H 45
e AU S B IR A ERG . 17 PIC/MCC(Particle in
Cell/Monte Carlo Collision) 7] LLit-54E— ki
TR AR A X A HL 54 1) s e DA R Al e A 2
TS A58 S R Ty b A T80, ) e i R R L B R
H, BIEASCRA PICIMCC 5 it 0 kAL T H
MR & . ot L3 22 (1 T1 AL ) R s e DR 2
AN LR KACT R R B A5, #5817 54k
o] % TR AR B 1) — 4k F.3)) /) %7 (2D Electrostatic

Kinetic) & &7 BRI 7T 1 AR ALAL L35
G5 22T ORH D KAE T A J (1 B ZER L, I VA 1)
7RSI L W SR A G AR, BRI T
AR BB 2T R S A A AT R

1 4IRiEE

A SCAE Tech-X A @) #EH ) VSIm {7 51 & it
ATTHEE . EH T T R e O R e P 50 2 5 T
FE X3 LA A A, DRIK L 0 8 X ek 5 1 [ i
RLC Jef AT R AR, TE Erid K AR R —
AL A, i v s E R A B AR R 2 T FELA
1T 36 e A R 3 R R e TSR AR BH A L BT 4y
3 FE R BO-SU 5 AN 1 o, 2SO B RS
EYREE S B2 54 mm, fillk AR EE I A% FL 50
mm, BIRFLIERE . BARRFLE AR 5 (R B R 2
3 mmo AN B IRRFLIX I ORI, R
B X R FR Al b5 PHAR PR B . Sk iBe Ry 32
25 C 43 2 Q. 10 nF. 9 7 /NSO B T
JERAEAE DA S B 1) 22 43 R ety SR F R AR [l %
HE L HON 1 nH BEMREELE 2 KV, TAERIHCNESA,
TEER 300 Ko BARK S PRI N sdl, HREmT
S 7 3% i B AR R T 51 A 1) — IR T RS T AR
(233, 7 (A9 0.25 mm, Bf[AEKA 8 ps. H
T BTHWIIEAEN 107, N EEE, &
AN 53 Sl R I 500 AN 75 b IR AN b kAT
HIE, R ROKBCE A 108,

fisk 5 BT fisk 5 P AR 1) ) AR s 3 54 N Fh 1) B
fiy 500 eV, AN 107 C BT, Ay 20
ns, 232 H R TR Bz M il 7 2O 3RAR EEAR
UF R RO . TERUR BT, BRI
THTFHERZ . (HENERERE, ®14P0KR

1 D KAETE LA B A A v
Fig.1 Simulation structure of pseudospark discharge



360 i LR HOR

2022, 48(1)

FERIYT &5 LBl B oR . RIS 5 AR R %8
TR LAYSSRAL, AT DRAE D7 JRG 5 11 1R 9k
DU SRR o R BRI A A FRORS I8 2 P K 2 25 SR
Pl AT 3~ 4 B LA B BT 75 ) RE RV

2 MESER5SH

21 WMEMNARITIE

MRAAIEN 93 Pa b, il kAL
AR BB T 5 A A 2 B, i RRdh b
FH, A3 B ) 8 e TR AR A ] 3

g5 2 5B 3 ATUUE BIflR T, BURAS AT
F 1 P8 2 AR RIS S B AR FLIX 38, BRI P9 3N
HLIAR /N il AR AR E AU T2 )5
S AE TSR R BRI Bz D FBCFR , S R T B ) F - R 2R
KL R ik AR B TG 7 F T
B R0, B DU AR 1 AR i R i KT
HITR R, BT AWER, M s sos R e
A TE R BH . MR BHAE NBAMR AL, 7EZ5 O
BRS80S, BRI FE R IR i P ) rRL A DRGSR T, B 2%
Bk LR IAIRR . BB FL -5 BA B FL B 0 B R s 1
L 340K = T PR FEL A, K ZO7E 52 mm(EEFH % 8 mm)
AbHL R R, ANTTAEBAARAL BRI P TE BB A 4
o FARRALI Y 2 RE e 4E RR B TR K BB e 7
B K ACTHCH B 75 ML) AN 2 4o B B0 T30 R 5 e I 8 2 4
TESTBOR R AR . (HALEEIE] 2 ] LUK IAE A 2
TERUG — BRI a], 23 I B AR s P O\ B A R 1
G, WIRRFLALE [ T AR AT, A2
B FE A R LR TTTE O . BRI B AR s 5 B A AL Ak
HL A5 /N T BAAR HL A, (R BRI A () FE T AN R
BHBR A H 51 AT, O KABTBCROE TR K . A 3
A LA IR HZALIX 45 55 mm 4b f e 3 T B bR,
FR T B ] H A R BRI, AT ERA AR AL
55 mm AbJE AL T — N AR L, BIEIZE RS
FF R s P ) R 3A ) s T A FL N () LA o R, R
SRR NI KRR, (HX L 7 ZAE )

Rl Dy KACTHR R 55 B8 1A S B 2R

Table 1 Plasma reactions types in pseudospark discharge
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cathode hole area with time(93 Pa)
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Fig.7 Change rate and ratio of ionic charge in the cathode hole
area(133 Pa)
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