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Fig. 1. Several typical striations: (a) Argon striation at
250 Pa; (b) nitrogen striation at 133 Pa; (c) helium stri-
ation at 18 kPa; (d) argon striation at 38 kPa.
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Fig. 2. Schematic diagram of the experimental setup.
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Fig. 3. (a) Typical image of argon striation plasmas in elec-
trode spacing of 10 mm and gas pressure of 21.22 kPa,
within exposure time of 1/200 s; (b) image edge detection of

striation; (c) gray distribution of striation plasmas.
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Fig. 4. Typical waveforms of discharge voltage and dis-

charge current.
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Fig. 5. Optical emission spectroscopy of 2" bright striation.
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Fig. 6. Energy-level diagram for argon excited states.
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LB O K A 5 AR SO BE AR AE, 205k 0.15 cm,
X P E k= 2m/ X LB IIR f = w/ (21) =
kv/ (2m) = 1.25 kHz. BUBAAHERNTEN T, 54
FIRVAR LY, SRR ™ A 1 P B D ELAT AR
FERUAR. 32 1 50 T JURP RS i 2 SRR

R UM SAV AR R BRI 2029

Table 1.  Ionization wave characteristics of typical gas-

es [30.39]

TS S/ kPa BLESIEHEE /(mes™)  HLE AR /kHz
R 20.59 1.87 1.25
A 21.22 20.78 5.20
AR 100.00 330.00 38.00

3.4 WREYBSEMENSERELF
HER

SR, AR AR B0 U T A
J&&, AT —E SRS N AEAE (2050 kPa), HEE
BARER K, SR RN, 28, ik 8 i
USR] 42.51 kPa I, LR ILTEA
Al oy B, ARSI, WE SO 238 AR 1k i 221
SRR R THE RIS R, R
S NS ee N N W N R K N O 15 1 e ) 1 1
B GRS B P T ARk o
PRI RS A B BRI/, 5 E 3. SO SriX Fh b
SR 5 2SS T AR — S0 B,

FARMIE M LOE R —HER R,
S B AR & 58 1 XU 4 U, Bl an A
. Bl 9(a) sk 23.17 kPa B 7 AR B SR SO S,
& 9(b)—(d) 43 B R e AR SXESOE S 15
M AR . T AR i R S S MRS A
FISZ IR, Y45 EAE 23.26 kPa (A &N 0.4%)
F1 23.37 kPa (0.9%) B, MESUZEHIH bR, RATE
FFIRR S T SR BIRE S, HLAUS S o e W 80 )
THBR. 2l AR TR SEN 23.64 kPa (2.0%) A,
WESULT- 2RI k. AL, ARMAST AW
ANEERGM, —iE B E MK T WASER T, —
ST L RE A S A PR 0L AN SR, R
BRI — 7K A TR R RO
TR H T 2p SHHRSTGE. & 10 45 1R
HRAIATEIG K, ik A4 696.543 nm (2p
AE Ls; DR STERGE) A2 fIE O AIE 9 AT,
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E 8 MLBESEMIEAEIL  (a) 28.54 kPa; (b) 32.84 kPa;
(c) 37.62 kPa; (d) 42.51 kPa

Fig. 8. Evolution of striations with pressure: (a) 28.54 kPa;
(b) 32.84 kPa; (c) 37.62 kPa; (d) 42.51 kPa.

K9 AR HESIREN  (a) 23.17 kPa; (b) 23.26 kPa;
(c) 23.37 kPa; (d) 23.64 kPa

Fig. 9. Effect of nitrogen gas addition to striations at differ-
ent pressure: (a) 23.17 kPa; (b) 23.26 kPa; (c) 23.37 kPa;
(d) 23.64 kPa.

1.0 'Y
0.8

0.6 [

SN
\

0F

Intensity/arb. units

23.1 23.2 23.3 23.4 23.5 23.6 23.7
Pressure/kPa

10 AR A KGR 696.543 nm 1) 52 1
(a) 23.17 kPa; (b) 23.26 kPa; (c) 23.37 kPa; (d) 23.64 kPa
Fig. 10. Effect of nitrogen gas addition to dominant emission

of 696.543 nm: (a) 23.17 kPa; (b) 23.26 kPa; (c) 23.37 kPa;
(d) 23.64 kPa.

HZHTMAR T, X2 A3 AT 73 i
BB/, X BT AR AR A R S M oK R
EIRLIRE A REELIEAUR Ar(ls;) WRSHE, A
ARG AT DA S I A AR g 12,
WA R T S E L SRR S A RE
P, XAIARRE 19 K J 25 T AF B A S AU 1)
T, TR B D S A I PO P A 8. R
SR WSS TR, FRL Y SN oy

Ny (X'S)) 4 Ay (Is5) = Ar+ Ny (C°IL), (13)

X B OR e 9 AR SR T (Ar,
1s5) TEMGIERE P K B BT A, R 2 ns,
H Ar (1ss) &I HE KR &5 3.6x1071 cm? /s,
X—BRRET (L0 2% B F R K
A, UARSER T YRR S35 b B AT E
P, AT 5 P 3 R DA S SRR A A S i 52 1) 55 B
TFREE. TEAR IS, MM, T
BRI T IRELS (11.55 eV) R T A TR B
fiE (15.58 eV), PR 7" L B i B AN AE, AR
TFRT R R R E S R R . sk, A
S L BE E 4 A PR AR 22 SO S 4 A
W R A2 SO S A A ek, TR o B e AR
AN MR AESAEE IR, P RAEA RN
IO, BT O B S 1 RE A BRI R
SR, R R TR KR R SRR T, X
B T-RE S A PR R 2 R AR AL, F R
O RACE AR e Ak, YR SINART, B
FHROTHARARNE SN Rahiike (2.0-3.5 eV),
HAEVLRE X [H], 0515 H TRl ok it e
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R, KT RORAE TR BT M, X
JEHL TR/ N, LTRE R A pR R e S

e, TS R AR RE A AR 1)) RS A%, ] 9( )
P, R, A& R A RO R R 4%

S TR, L ROE SRR E 1A B TIA, XT—LMK{]%Q
AR AE S PRI A E R X

4 %

ARSON T R T 7 AR R S SGHE T
THoE, FEMR T ESOEARRHE, AR E 6
SFOFITHL B ARPAE, RS0 BE SO R T AR ) T
@—' AT T ORESC P AR R BRAILR; BT DL 5 b

BRI S50 EAMESINRBIKEZN 1.5 mm,
EF‘@E—TE}P%, SRBUWECE A, FRBUKBE;
HASMBAHLL, AL RS ERDN, X5
AAEA BRI REA . ILAh, ZADERE 2T
5L, %&Eﬁﬁﬁﬂ’ﬂﬁﬁﬂiﬂ HF RS
4ok BT 2p WRST 1ss W X R BEL
HAAE— 2 i AR A R, LJHQIIZEWUJ%T\?FT
EWESOE M EE RN, TSR FEAE &N

e B B (E 3 K ) 5 @%T{ﬂ]@@%?’iﬁiﬁﬂ?
HLEE, DA 51 B R P R B R, Y
L B IEHOR R T O BB AT, XA R e st
Haom, IF DL B B B, T S, UK
F v, H IR A TR AR R 2 1.87 m/s il
1.25 kHz, X —$FAEEZE /N TS0 OB SR 3 3
WRAE. R AR, I AR D AR AT A ROE BR
MESL, AR B 22 AR RO . AARIMAE
BAMA DI, — AKX T ARSI, Ik
INT P B R Sk R AR T L P RE S AT R
B, H 2 e 5 o0 A, TR AR 1R e
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Formation and evolution of striation plasma in
high-pressure argon glow discharge”
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Abstract

The self-organized striation phenomenon in the positive column region of glow discharge plasma is a basic
problem in gas discharge physics, which involves rich physics such as electron dynamics, transport process,
discharge instability and nonlinear phenomenon. It is an important topic in basic physics and practical
application. In this work an argon glow discharge striation plasma at high pressure is reported. The electrical,
optical and ionization wave propagation characteristics of the striation plasma, and the evolution of the
striation plasma with pressure and impurity gas are investigated experimentally. The generation and quenching
mechanism of argon striation plasma are analyzed. The results show that the striation length is about 1.5 mm,
and decreases with pressure increasing, and the velocity and frequency of the ionization wave are estimated at
1.87 m/s and 1.25 kHz, respectively. The measurement of optical emission spectrum shows that the generation
of striation plasma is probably related to the argon metastable atoms. The stepwise ionization process caused by
metastable atoms triggers off an ionization instability. The instability propagates in the form of ionization wave,
which leads the plasma parameters to be modulated longitudinally, thus, forming an alternating bright and dark
striation plasma. The adding of nitrogen can effectively quench metastable argon atoms and change the electron
energy distribution function, which destroys the instability conditions of the plasma, therefore, the striation
plasma disappears. This work provides a new insight into the understanding of the formation and annihilation

mechanism of glow discharge striation plasma at high pressure.

Keywords: glow discharges, striation plasmas, ionization instability, ionization wave, optical emission

spectrometry.
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