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Fig. 1. Chamber structure in the simulation.

A5 B A5 DGR 2 R U X A5 B A 1 T 1)
S, JEAERPURL H B R4 K SR S R, LR
EATURL AR AT R A VAR, 1R ACh s T
WL BRI AR, K YE Belenguer 45 P54 {1 LG A

205204-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 74, No. 20 (2025) 205204

FEAUR, BT A R B MURL Y &) oAl T A8 B A,
HEZAEA PR Sald e, Fra Y B a
XS AR

AR SORE R A5 88 5 PR Bl B TR 45 A ) [ A
YA Gl W ST G R e A R 9 2R )
UL, 45 B T IRIR SR 7 =4 TS
HLT B B R R AT R F
T HEE R LR 22 T TR EEPF . I
T Bl T AL PR R 4 A L U T
SRR L3 LA R R 8 B A | AR A A B
P10 45 1 1A B SO R AT . TR A
TIRERE AT AR U A B o i 1 3h B2 AR J&)
Sk, HE ST SRR 02050, FE5 | ARG,
FX iR = AT IS IE, LA ABURE (14 521
FLFE AR RPUR T B TR ARy | SE R TR
AR TR AR L R M SR A R S, AR
BRI AT R R 18385521,

1 0 afO elas ex iz
T JEoe (De(%) :S(() )—i-S(() )—i-S(() )

+ S(gee) + S(()Ed), (1)
d?E d’E 9 .
) + FE) + kGE = —i2pu0 (Jeoit + Je) (2)
Vi
Py =V | ne Py +ni Py + ndeV , (3)
ni = Ne + | Za| na, (4)
I.+ 1, =0. (5)

Hrp, i (1) B2 FHURZ 2 IR, B TR 13
B, T A v RE S AR A A A SR B
TR R TRERE, fo & EEPF, D, iR+
InHGE B RE R ORS¢, s&Y, S8
S 58D Sy e R v - rp kPR R L 8
BT | H - PRI R - R IR T
e (2) Bl O, R TR R, T4
IR B I 7R 23 [ B 401 Rk FL =5 i T R BBl
PRI Joon 5 FLFHLUE Jo, ARG S5 B 0 T3 FL s
=, WE L FTR, RS AN R A i A A
E(0,2) =0, B(z,0)=0, dE(z,2)/dz|,_,; =0, H
fEx=0, z=0/ 00 & 4L 5 — il 75,
z = H BN E A R o S8R5, BITFGh ok
fF. AERBA T A% IR R A 1) o, By J7 193
it B, P4 7R (3)—(5) 43wl T Ry 7 L

R SR 5 A P O AR (B0 s 3 R S
(orbital motion limited, OML)), J& %% A A5
P, PRy R FR A R BT R, TR E
ML P S T AR R B R i
PE, JHT00E B T3 B SR P B A R i 20
T %) L U A B A 5, et R BRIBR AT
HIFTAL. Paps 2 SRINLTNAR, P, PPy 53l it iR
PEAARTRN HL - H PR R 41 1 Th 38, 4 R SR T
AL FES B D)8 dii e, B AARRR A HL 0
B 5 ARBRBORRHE R DR, V5 Vs alE
R TR S RRIE, ne, ni 5 ng 43 HEH
T BT PR, Zo PR AL, L5 T
I3 AR BRI 1Y) L U B U 190057

Kl 2 Fis BT A AR E, 3 MR T
A BB S, BRGNS B
SHIR LI E R T H R ne BT HEE 0 AT
BT, ARV AT Zy . X BRI E T ne, ni
To F1 Zg XIS SV A 52, R R X S6 S 80K i
LA AIERE. 1 el SR A B A
ML o, | 0 —10J5 1Y L BE R R pR AL fo FI
PR S IR T, S5 G B, ¥ o, 1F
FEIASEL, TR RITIN By FITTFIR Pys .
Kt Paps FI1 fo VENREARBIY B4 A SEL, IRIGFE BT S
Y HL 25 B ne , B 25 BE mg FIAR IR ORI HAL A £
Zy . EEBERIE ne, ni M1 Zg , ERIFRILEL.

l VIR SHL:

Ney Ny Loy Za

En

HLE A LT BB
R WYL 8T

Un(ffl)

b (LT RILIERES
DT RE . e kAR ST R P R

l Ne, Ny, Za

Ne, Niy, Za

Wegk?
ZER

2 BRUTHSR R R A
Fig. 2. The flowchart of simulation.
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Fig. 3. EEPF and zoomed-in plots for different dust radii (a), (b) and different dust densities (c), (d).
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Fig. 4. Variation of electron temperature, electron density, and ion density with different dust radii (a) and dust densities (b).
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Fig. 5. Variation of dust charge and surface potential with different dust radii (a) and dust densities (b).
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SPECIAL TOPIC—Non-equilibrium transport and active control strategy in
low-temperature plasmas

Influence of dust particles on non-local kinetic behavior
in low-pressure radio frequency plasma’

ZHAO Yueyue MIAO Yang YANG Weif DU Chengran

(College of Physics, Donghua University, Shanghai 201620, China)

( Received 15 August 2025; revised manuscript received 29 August 2025 )

Abstract

Low-pressure radio-frequency inductively coupled discharges can produce uniformly distributed
monodisperse particles and plasma, making them widely used in nanodevice fabrication. The manufacturing of
nanodevices typically requires the generation of particles ranging from nanometer to submicron scales. These
particles usually carry negative charges and can significantly influence the discharge characteristics of the
plasma. This study investigates the effects of particle size and density on electron bounce resonance heating
(BRH) and fundamental plasma properties in low-pressure inductively coupled plasmas (ICPs) by using a
hybrid model. The hybrid model consists of kinetic equation, electromagnetic field equation, and global model
equation. The simulation results show that as the dust radius or density increases, the BRH effect characterized
by the formation of a plateau in the probability function of electron energy, is gradually suppressed and
eventually disappears, accompanied by a decrease in electron temperature, an increase in electron density, and
an increase in particle surface potential. The dust charge decreases with the increase of particle density, while
exhibiting a nonmonotonic variation with particle radius. The results show that the loss of high-energy electrons
caused by the dust particles may create a more favorable plasma environment for the growth of monodisperse
nanoparticles with low defects. Such an improvement in particle quality is crucial for reducing trap densities

and enhancing the electrical performance of nanoparticle-based electronic devices.
Keywords: radio frequency plasma, dust plasma, non-locality, electron kinetics
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