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Fig. 1. Schematics of decaying plasmas in various applica-

tions: (a) Afterglow plasma; (b) plasma immersion ion im-
plantation; (c) ion extraction in laser-induced plasmas;
(d) ultra-cold plasmas.
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Fig. 2. Schematic of a model system for bounded decaying

plasmas.
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Table 1. List of physical parameters for typical cases
studied in this paper.

T 1 2 3 4
d, L/mm 1, 20 2.5, 20 5, 20 2.5, 20
ng/(10'¢ m %) 1.0 1.0 1.0 1.0
T., Ty/eV  0.5,0.02 0.5,0.02 0.5,0.02 5.0,0.02
Uy/V 300 300 300 300

3 WIkZARNELSNE I
o iE

3.1 RFHRSHEIEITARNERSH

X SE T AR A ) ) 25 AR A e
LU s A B 6], 458 1 (A PP A9 Bl T R 4R
BB/ 22 s 157 S H 3 08 1 1 TE AR AR
1B g, 5T R Y S AR R AT D AT Ak T
RRA A7 A A B BRR . AH S ML, 258
PR R S AN R S S i P L 3, BELASHHL T
[ IEAR AR 3z 3l HLIW P L 37 19560 B Bl L1 1) 1
bz Bl ES AR MG A SN I KN
SN J5 , H T AR E AE Ak 25 1) 1E W Az Bl
(B G B R B D/ DS, 2032 Bl B O, I R
JO7 FRL 5 [0 1E AR AR 32 Bl e RIS (La); Z )5
P RE ph T 52 380 1) O D7 1] )L R 37 4
I FaR T bz 3h, W, B T k18
£ S N w1 W) 1P I 1SR 77DVl LN S PO
e, YA B s (1) 555 B TR ]

Bt (d ) BYARXS RIS, IZA0 A6 L 7 PR35 F vl DL oy
B EL.

1) BBt I B Fazsh R BR e (B 1<
d), IR, TR AR TR] 114 2 TA] DI 2 214 e mT LA
K53 A FA XL, BPEZS K8 (K8 1) &)=
DI (I T R s TR IR (I ). Ay
FHEXEL (KB V) Az X (XK V), AR
1) FE, 4008 B A E] A3 AR WAL 3(a) . AR DT
TGS G SR L 37 (0 1 S 25 A1 T LA 3] k4%
XA A AR
~ 2enpdl — enogLl — goUp

E
' eolL ’
E, = @x n 2engdl — engdL — engLl — Uy |
€o 80L
28nOdl - 50U0
By, =27 070
° €0L
By — €, 2enodl —enodL + enoL? — el
€0 e’:‘oL
2engdl — engLl — eqUy
5 = 7
60L

(1)
Hrp ey NEZNHEERG E(i= 1,2, 3, 4, 5) 71
FORKIL [ —V iy,

(a) HLf 0 A n
=
=1 "o
A\
kX 4o
I 1
I 1
| i [ ] >
0 N NS AV} ;
6)( Q)//b’x
v

B3 hn TR A W] B B i T 0 R ) IXOR BRI
(a) BYEL T; (b) BrBr IO

Fig. 3. Schematics of the spatial distributions of the elec-
tron number density at different stages during the initial
electron oscillations: (a) Stage I; (b) Stage II.
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Fig. 6. Schematic of the electron number density distribu-

tion during the electron oscillation process.
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Fig. 8. Profiles of the electric fields in the vicinity of the electrodes (a), and their frequency spectra (b) with d = 1 mm.
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Fig. 13. Temporal evolutions of the electric field in the vicinity of the negative electrode (z = 0.01 cm) and the positive electrode (z =

1.99 c¢m), and the center between electrodes (z = 1.00 cm) under different frequencies of the externally applied radio-frequency elec-

tric field.
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Abstract

In this work, non-equilibrium transport processes of the charged particles in a plasma confined between two
parallel plates with externally applied electric fields are analyzed with the charged-particle transport of laser-
induced plasma as the major research background. The theoretical analyses of the transient responses of the
electrons to the externally applied electrostatic fields are conducted under different initial distributions of the
plasma parameters including the loss and the oscillation frequency of the electrons in the transient oscillation
process, and the critical value of the electron number density for the initial electron temperature effect of the
ion transport. The particle-in-cell (PIC) modeling results are consistent well with the theoretical predictions.
Based on the preceding results, the PIC simulations of the ion extraction process by imposing a radio-frequency
(RF) electric field on the electrostatic field are conducted. The modeling results indicate that there exists an
obvious resonance phenomenon in the ion extraction process, in which the ion extraction flux is significantly
increased. Under a certain operating condition, the ion extraction time at the RF resonance point is reduced to
5.8% of its original value with only an electrostatic field. Further analysis shows that, on the one hand, the
electrons will be heated by the externally applied RF electric field, and thus, the propagation velocity of the ion
rarefaction wave will be increased; on the other hand, the electron oscillations will be enhanced, resulting in
losing more electrons in the electron oscillation process and a higher plasma potential, which ultimately leads to

a higher ion extraction flux and a shorter ion extraction time.

Keywords: decaying plasma, non-equilibrium transport of charged particles, electron oscillation, theoretical

analysis, particle-in-cell simulation
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