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Numerical Simulation for Low Pressure DC Argon Glow Discharge
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Abstract: A one-dimensional self-consistent fluid model of argon glow discharge is established.
The convection and diffusion equations are proposed to describe drift-diffuse motions of charged
particles in gap and variation process of electron energy. The influence of space charge on electric
field and secondary electron emission from cathode surface due to ion bombardment are considered
in this discharge model. And the finite-element method (FEM) is adopted for numerical solu-
tions. The evolvement waveform of discharge current with time variety is obtained, and the spa-
tial distributions of charged particles density, total flux density, electron energy and electric field
are investigated as the discharge becomes stable. The simulation results show that discharge rea-
ches the stable state after 25 ps computation time; in stable stage of discharge, ion density gets
several orders of magnitude higher than electron density near the cathode-fall region, and almost
equal in positive column region; electron energy reaches the peak value 29 eV in cathode-fall re-
gion and almost keeps constant near the positive column region and negative glow region. In the
cathode-fall region, the discharge current density is mainly carried by the argon ions flowing to-
wards the cathode and the secondary electrons which are contributed by the ions. And electrons
become the main discharge current carrier in the negative glow and positive column regions.

Keywords: DC glow discharge; low-temperature plasma; electron energy; numerical simulation

FMOCBHR RSB IR P —Fh I MR R S TR EE RN Tz R T
AR5 LB A 1 A N R A5 AR AR SRR ORI Rl R i B SR AR A e, —

Wk H 9. 2010-03-02. FEF IS #5E42(1983— O B WA OB B R RO L 5 HdR b A Rl 2 .
FEl G5 1 e SO B BT H (200338) 3 B 22 A0 75 A A S5 iR Bt B3 H (NCET-04-0943).



55 12 0

HRSEZE A AR B S OV A H B B BT Y 51

LIRS SUAT R ABTAR T BR 1 TR

TR B2 2 i A~ v e HL
IR A8 SR AN BEAR 1 45 7% T A AL L T A {E A
AR BEAEHE B AN TS BE— 25 A SUC g HL I
FLSAER PR A7 R 1 1 T R D' T S A —
AT

IO HEL U A A TR of T R A R OR BT A
Lo S 7 PR 14 S BT b 371, TR T
HINVF 2227 3 AR R T — SR AR R R A8 R B O O
JEHHL. SCHRL2-4 [ T I 3 ol (R B 5~ AL 3
ARAT 4 B o PRI AR-A51 2 A4 I B2 7 P ] 125 ]S
JRyFR YR PR ey R T B s S0 RN R R
Gyt 55 s 8 1) oK {HL I A B AR B = 9 Al 3 B
ANIREE » R i X A FEL 5 RE S 01 eR AR B IR RS
HOEAZ IS DI VAN - Rk Ra (5 G D)
THE TN S YO R HEA B IE R TR
XL RSN 5 SCRIRL6-7 J R ARA A oK T L 7L B
TR BT R LA S T RE R DT AR (E IR
JEES TRl ™ AR A R T RS 2 T
WESE IR 22 I ARy 45 00 R ) — A B B A

ARSCHESE T — e RGO A A
B SR AT BROTHE A FL 1~ VB T iy O R A &
L BE R T AR REA TR S B (ELR A L IR AR T R A
I8 T IR T ol BRI AR Y R T e A
AR ARE R R R AT TR S
ST

1 Ba )y 5 A

1.1 HBEiREH

A E A TR R B AR S5 A an B 1 TR 22
TP R PB4 TR AR » 2230 R B A 30 A B AR
B AL 228 250 V., HI TR Al , MR ] it
K do A1 em, HAEEeo WEASNHE LT
SAMRER P=133.3 Pa(l Torr),ir () kM
HL 3% 3

ﬁg il
T B 2 R A
Tz/}% - e *}i ir(?)
& &
ds
-lcm | o
| }
HFE(-250V) J—'

K1 il

1.2 HFEE

RS LA A AR R AR ) B ) BE S ATt ]
FH— AR A IR 2. A SOy e A5 e 1
BT I PO I AR A R A T BORL T TN S
JEHA P AL T

— AR B TR E R B ATy L
TR

an.

e 47 o () =S, (D

dt

a?’li
7t+V'(Fi)ZSi (2)
9”;‘?? +V « (I't) = Sr, (3)
ViV = e(n; —n.) 4
I =—D.Vn A+ pn.VV (5)
Fi :_DiV71i+/ji7’liVV (6)
I =— 2 pEnel = DV T (D
Se — Si — KineN*ﬂqeni (8)
S'[‘C _ KFCE_EKiHiVICN (9)

Ki —
JO’ T. <0
o 49

18.710(T. 5. 3)exp( T g 3)1,2),2 >5.3
(10)

Ky M1 D 5350 B F 5 EB R MY 1R
B S N BRI, RosoRohL 75 B B B RN
AR s R hR ey 1A B RIR BT AT B
K, s 2400 HBUE R A SCEk (8] 8=2X 1077
em e s TN FHBEFHESRE T HET
et LA eV e S B0 L i o5 XX (9) AT i o
—IWUNHFAEHY) E RIS R HH 55 0
BRI R RE = LR I H CH OB REL BT
15.7 eV,

HLFIE R e F 3X10° em? /(s « VI Hip
BREGE T B TS R AR E], Do =T, B
FHERER o AL em® /(s + V)Y

IZ
4. 411 X 10"
N exp[ 0. 33In{1.5In(7. 721 X 10°* | E/N )} ]

(1D
X [E/NEA A7 (Td) , N ARSE AR
TRER A5G 3. 54X 10" em ™. |y TIZ L 7 AR A0
AR S5 1 1A%, DAL T {50 TR D L 0. 025

http: / www. jdxb. cn



52 [ I N ]

PN

E ¢ 5 44 &

oV B FH AR D, W 0. 0254,
SHCH HL U B AT R AR AR S L T
JE 5540 B8 HL IR 2 B 2 RN pl T T e R Ry B R
JE PR M 5 RS S o A% 5 F 28 B B A T3 H, P
ic=elI(zst) —T.(z,0)]
B R EG
TESR AR G053 R (R RIS o i) SR S5 2 7 R i
DI 371 5 b i SRS B b S B e ) A 2
PERUEE . e B R B R A, L R A R R
M) 55 T35 FEL 1) A R AL L 7R o 0 S A5 A sk i S A
TEVRE b 5 BRE [ AR b AR E k.
AR SCARAE BA B Sy FRAE AL - IS B 8 5 PR F
RS BHAR S 7 RO BE W B o T B I HE 3 B S
Dirichlet H %, A

(12)
1.3

ne=mn; =20 (13)
WG Z BT LARE4ERF A 47kl 55 88 - i o )
W R AT = AR ) R BT R A AR RO R A SR
WL R RBCN 0. 017 R4

I'.cu, =—0.01T; *u, (14)
A w, AR LR TR 0 R 5. [FE, A
o (15)
an

B K PRI AR N 2 VIS R T 15
HLF BE i R I R A
T.=2 (16)
TR T R A AR 1 iR, 78 2= —1
em HIAR FREIINHL R — 250 V,2=0 cm By
JE L 2R 0 V.

2 SR

X T EL S B R FH A4 2510 03 45 5 BN 480 A,
TR E RO 5XX10 s MR 2K AF R T 58T
SR E N 10° 4~ /em * L FRERR N 2 eV IFH M T
AR R YO R A A AR T K T PR, B
Péclet BARK . Kl 1 B 1IETHR SRR G . A2 UA
] B PRI T A T8 R PRI g o DX (A
AR DO B THRRRE.

2.1 HERERZEEAENK

JHCRE FEL AL 2 R ST [ A B A R A 2 BT,
MR UL 25 41t e RN E AR A S 2 S AR ]
B0 A FL ARG F8E L S IR 1 A REURE R O
TE R R %E 18032 3 BT LA L O 4 A
IR AR 25 s S AR R R R RE I T AR

{EN8X10 7 A/em®  IX KM 25 ps JRHCE # THE
R

& = oo
T T 1

B2 /10 A-cm
(3]

1 1 ]
30 40 50

1
20
t/us

P2 i H R R 2 B )

1
0 10

2.2 NMFEZEE.BFRERBMANZESH

BT 58 TR EE 3 fiws. I 3 dal i,
A B B AU R A KA R T A I
W) L BAE B AR 7 B X A3 S Ad. X2 T C-D X B,
FEL 4700 A 1 » DR I P 9 A B T R S 12 X 8l H A
TR A R B FATTFR C-D Ay BB % X, 3L
KB R 4 mm; B-C A5 X L Z XS F 4 H
2 e MG R Ot W S 1 XL KRR R 2
mm; A-B REE R R IEAE X % X 3l 55 1)
LTS R AR/ LT IR RS,

1010 -

K3 T S T s [ o A

PG B AT T BAAR A B X K d
SR P B3R Pd )i 5 Paschen i 25 i 42 (1) Fe AR
FEXF R A T 56 IE AR SC R TR 25 R (R 3 Pd =
133.3 Pax0.004 m=0.533 2 Pa » m. ), B4 02k
5 SCk (17 ] 2 44 09 52 56 Paschen i 27 il £
(Paschen frifE i e tn & 4 i, Bl 5 Pd =
0. 613 Pa « m) #EAT AL, W AHZE 0. 079 8 Pa » m,
AR A 150 AR SC B B AR AV e DX B 5 S B A b T
0. 598 mm. H AT UL, A SC RT3 45 A LT B 2L
3K, 22 BT RSy B R 2 R T 22 R] 1) £k 2 R el
A LD, TR TR S R BRI AL T 2 B0,

ML S AT UL 78 BAR AT e XN 52 225 8] H faf 1) 5%

http: / www. jdxb. cn



55 12 0

HRSEZE A AR B S OV A H B B BT Y 53

M+ R 7 5 R g T S i DX B Y 37 i g (R
TARAF R RE T LA o o PRI e A L 3 R A % X
PNIB AR (29 e V), I HAE BT AR B I B 5 T B 52
SEWEAR M. A GO X 5 IEAE X, B il 5 HL
53R B AR AR o3 2 1 BT PR 1 UL R 52 L 3 i
AR IFRAR KR X (D LR .

700 ‘
600
e 500 | N IR
#4001 D
ik 300 Lt e Ar
T - S \
# 2001 |
100k buv\r He ,
0 1 06]‘} 1 1 1 1 I ] 1 1 1
00 05 1.0 1.5 2.0 25 3.0 3.5 40 45 5.0

Pd/Pa-m

4 Paschen 24"

0

-50

-100

-150

TR B eV

-200}7/

-250

3% 38 BE/0.2V-cm ™!, B R/V

,300 1 1 1 1
-1.0 -0.8 -0.6 -0.4 -0.2 0.0
B 4% x/cm

5 HTRER . FLIHY AR o A

2.3 HHREFREEFENZTESH

P 6 JT 7R R SR R AR E S T S S Tl
S XE Y23 6] 3 A1, DAIET 6 AT UL, HL 515 B 3 A 2%
JEE 26 XL 2 A R 2 WO HL AR R i P O
ALRFEAE X5 2 BE5TE RV A /. 1R
DX R 138 T S S A 1) B DA 1
BRI T 7 A A 0 L 4 S5 T BT, A B0 [X A I
A DX R R 7 R 3 PP I L 7 1 PR AR AT
DR 2 DX Sl F i 2 1Y) T B TR

d

IS

v

3]

—

R E AN /104 s om ™2

0
B -1.0 -0.8 -0.6 -0.4 -0.2 0.0
B 4% x/cm

P 6 LT e Y 43 E] AT

3 45 i

ARSCR A FROGIE RIS S R R B
A — 4RI AR AT 1 R 5 B3 AR v 2
JE R T R LR B W HL T R R R SR
CEINE N8

(DINH 25 ps Jm - HORZ B8 THE . BOR
B ERETE 8 X10 ° A/em’. TE AR AR X,
FEL L P Sl SR T S R A ) O T 4
Ak, T UM DRI IEAT DX o FL 72 0 H L VR B E 110 2 2
TTHRE .

(2) TR S » MR 30 L 37 5 JEE A HRE 1 (19 25
(] 73 AR R 22 8] 23 g B AR A7 e IX L SR IXC L I
B, HAC EE AR 2R 4,204 mm, A SC 1 B A 67 B
XK S S A A T 0. 598 mm.,

(3) HoL 7~ BE TR B o2 e DX B ARAR K, R Bl o3
iy, HWEAE 29 eV ZESOEIX 5 IEAE X A2 fb ) 22
18 . 55 B S0 B2 1) AR AL S5 AT D).

SE 3k

(1] 8@, HLBAA%. 5589 7 Ao B 5 0kt b 2t
(M. 3l AR 3. JEat: B it . 2007 410.

[2] GORDON K G, DETLEF L. Ignition behavior of ab-
normal low-pressure glow discharges in argon [ ] ].
IEEE Transactions on Plasma Science, 2008, 36(4):
992-993.

[3] HONG Y J, LEE S M, KIM G C, et al. Modeling
high-pressure microplasmas: comparison of fluid mod-
eling and particle-in-cell Monte Carlo collision model-
ing[ J]. Plasma Processes and Polymers, 2008, 5(8):
583-592.

[4] RAFATOV IR, AKBAR D, BILIKMEN S. Model-
ling of non-uniform DC driven glow discharge in argon
gas[]]. Physics Letters; A, 2007, 367 (1/2):114-
119.

[5] GRUBERT G K, BECKER M M, LOFFHAGEN D.
Why the local-mean-energy approximation should be
used in hydrodynamic plasma descriptions instead of
the local-field approximation[ J/OL]. Physics Letters;
E, 2009, 80(3) [2010-02-02]. http: // pre. aps. org/
abstract PRE/v80/13/e036405.

(6] KA. AR ERBECHEMEERELID]. K.
PR TR U TR # e - 2008.

(7] Eocte. RAEMECTH R B E R k352 [D].
R REI TR TAREBE, 2008,

[8] ALBERT D R, BRIAN E T, HERBERT H S. Con-

http: / www. jdxb. cn



54 [T S TR NS SR I 5 44 %
tinuum modeling of argon radio frequency glow dis- 2R GB K F IR, 2008,42(4).481-486.
charges[ J]. Applied Physics Letter, 1987, 50(9) ;492 A% T N AT T A = Yy A
-494. 2008,42(4) . 476-480.
[9] ELSON E, ROKNI M. An investigation of the sec-

ondary electron kinetics and energy distribution in elec-
tron-beam-irradiated argon[ J ]. Journal of Physics: D
Applied Physics, 1996, 29(3):716-725.
[10] RAIZER Y P. Gas discharge physics[ M ]. Berlin,
Germany: Springer-Verlag, 1991:20.
[11] GRUBERT G K, LOFFHAGEN D, UHRLANDT D.
Two-fluid modelling of an abnormal glow-pressure
glow discharge [ C] // Proceedings of the COMSOL
Multiphysics Users Conference 2005 Frankfurt. Bos-
ton, USA: Comsol Corporation,2005:1-6.
MORROW R, SATO N. The discharge current in-

duced by the motion of charged particles in time-

[12]

dependent electric fields Sato’s equation extended[ ] .
Journal of Physics: D Applied Physics, 1999, 32
(5):1L.20-1.22.

LAERR. THRAR ) B N T (M. R,
XU AR 3. b st AU S iR#: 2008+ 55.

AUDAY G, GUILLOT P, GALY J, et al. Experi-

mental study of the effective secondary emission coeffi-

[13]

[14]

cient for rare gases and copper electrodes[ J |. Journal
of Applied Physics, 1998, 83(11):5917-5921.
BECKER M M, LOFFHAGEN D, SCHMIDT W. A

stabilized finite element method for modeling of gas

[15]

discharges [ ] ]. Computer Physics Communications.,
2009, 180(8):1230-1241.
[16] CODINA R. Comparison of some finite element meth-
ods for solving the diffusion-convection-reaction equa-
tion[ J]. Computer Methods in Applied Mechanics and
Engineering, 1998, 156(1/4) :185-210.
BURN K T A L.
charge coefficients and the Paschen curve coefficients

[J]. Contribution to Plasma Physics, 2001, 47 (3):
177-182.

[ A< FIl #8 56 STk $i% 4

H TR N B, 6 P K A8 T K ik R A P G AT R
7 % 2l K 3 4R, 2007,41(8) : 978-981.

HAT b B3Rk v ko sk Bl 2 5 4o, B

Calculation of the Townsend dis-

[17]

R KRR A AT, W B K F
3R, 2008,42(6):723-727.

W, A TR 5B AW A B AT 5 SRR A A AT
. R K FFIR, 2008,42(6) :718-722.
By kb BEG SE R BRAR  K B R AR R, B
il K FF M, 2008,42(8):1021-1025.

—F T A TG T mA e RERAN G H ik BE
il K FF M, 2008,42(10) :1269-1274.

SRR Ak SRR, 53 40 AT 64 8y B A, Bk b 33 38 % B K
BrE. W% R a8 K FF Rk, 2008, 42 (10): 1264 -
1268.

HER LA GIS AR & BL kA 3545 AT 7. %R
@K FFIR, 2008,42(10) :1280-1284.
AMRBLGIT K A kAe T B M b B RE R A4 1
894y B, W& il K F F R, 2008,42(12) 11526~
1530.

M /UK 28, S T B Ry B A A AT R
# 3R, 2009,43(6):108-112.

Tl b b R T ARG A TR AL 69 By SRR &
5o, @5 3G K F R, 2009,43(12):75-80.
SE R R T K P R R AR AT R, 79 % R
X F 3R, 2009,43(2):96-100.

AMRBLGIT AN B HIZF L% BA AR 5 AT 54
M. % B K S F AR, 2009.43(2) :101-105.
Kot TR B UG A ALY o 09 5T 3 ) F AR
7 % 28 K F 3R, 2009,43(4):111-115.

i R R A ok e 1T M 8 % T AT 6 SR ) A A B
7. WE B K FF R, 2009,43(12):96-100.
i, R BT AR i 35 09 R AT AR AL, Wh R R ad K
M, 2010,44(8) :90-95.

TR E AT O EN T F kAR kB
. |EBRFFIR. 2010.44(8) :96-100.

S S P

(I A

http: / www. jdxb. cn



