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Abstract Microwave remote plasma sources (RPS) leverage microwave energy within a resonant cavity to
ignite plasma, which is separated from the process chamber, and exhibit distinct advantages, such as no electrode
contamination and mitigating material surface bombardment by reactive particles. As a result, they are widely
utilized in industries, including semiconductors and thin-film deposition. Traditional simulation and parameter
optimization of the RPS focuses on modeling the electric field without plasma. This study proposes a parameter
optimization approach for microwave RPS, exemplified by the discharge tube thickness, based on electric field
simulations under ignition and operational conditions. To quantify the electric field distribution, multiple metrics are
employed, drawing the conclusion that the optimal thickness is 5 mm. Experimental validation with discharge tubes
of various thicknesses further confirms the high consistency between the observed plasma luminous regions and
simulation predictions, demonstrating the reliability and accuracy of the simulation method. The simulation and
performance evaluation methodologies presented in this paper can be generalized for the design optimization of
other parameters.
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Fig. 3 Electric field distribution in ignition state

FH &1 3 W1 DL 218 5 H 45 N B 8 7 28 S 1)
Jr R BT SR R 0 A, X UE DR T A X 4
J&ANFE AR IAL o AESERR N T AR v, AT DL i ek
R A SR T IR R AT A58k e v ik FL B 1) e A= o
B T 38 AL 1 = i s A, dr=5 mm B, R 3756 DX 3k
3 A A T B — 000 P S P A PN BE AL o A
B3 A0 A B R 35505 dr=10 mm S, 78 i e 45 1 B
Jr A H BT R L R 0 DX, R AR S 1
Yy X 32 BEAE A AR T dr=15 mm B, 553754
DX 3k 32 B 53 A A B B — ) s L P RE

HR A UL E a3 B, DS KRS SR, il i 87 )R B
(3R A 5 mm B 15 mm,

Yoy A ) B, SIA T =i B (E A A A
fEts:
(1) g e P FiL 7 ) i R {5 0 P A B L 36
-7 B L (L
|E|

ry = cer,max ( 9 )

~E|

(2) e R L ) - P ML 50 Pl A R P 5
(P I Y L (L

qua,ave

— |E |cer,ave

|E | qua,ave

(3) i FEL A8 R 7 1) B (B 5 OB A BE FL 37
RSP 2T A FE AL

(10)

Ty

Bl

" Bl

AN AN, bR RPS 7E T ARARZS TR
L3 A R A T BEARLIRZS

4 JBR T THERZS F B B = A A

e HE B 45 TR B A A B8, 1 5 548 T R

TR IS I 1 TAERAS R, i % B L 37

B T EERE d (19389 01T 28 52 0 0 3 A

e, A H 2 P R P R R s A

“““ Eleermaxs " Ml ave " MElqua, mas
s

(11)

e —_— I I

|E//x10° V/m
— — )
=} 9 1=}
T T

e
o3

2 4 6 8 10 12 14 16
dr/mm
K4 TARRSYERETFAEFEbRbE dr 22 AL IA]
Fig. 4 Variation of the evaluation indices with dr in opera-

tional state



596 H = B

5 8 R o 95 45 4

D 04 - F(EL AL A B RR R /N, BB AR e sh e
N8 . WAL, r B dr 3G, B SETE 5 mm FI
7 mm 738 B/ IME, 25 e A L S B e K
JETRE R R H, roBR R BB, 218 s BTt
WLEE HL 375 731 AT, FL 37 e A T ) SR B T
58 17 568 5 55 7 56 DX SRS B A AR A, EL A
OP A ST 2 BB, A B AN TR R N 0,
RIVERL B AN BEAE 5 B TR N R AL HE o 2 dr<<3 mm

iF, SLEEH 8 A~ 3k X B 0y JE] ) ¥ 20 o0 A, Bt
dr (3G, 5837 X B > 2 6 A, B % R 0L T55
Yk Xz vh . B dr ¥EINZE 10 mm, /53758 X 5k
(AR 15 A8 U8/ 2 A, LR B S A B Ak
Yyt X3, I Hik f A8 N 0 o e i 55 . i —
ACHEIN dr 2 15 mm B, 5 3758 XA Rl b &
44, V% o B AR/ INEENR = i X, [RIE R
ERE N I L3 HH B A A

x10*

. 7

6

5

= e 3

v . A 4 2

/. - P 1
dr=2 mm dr=3 mm dr=4 mm dr=5 mm <10

P Y - ~ . » - - 5

4

A A 3

2

1

0

dr=6 mm dr=7 mm dr=8 mm dr=9 mm dr=10 mm

SEEEF

dr=13 mm

dr=11 mm dr=12 mm

x10*

~

— N

dr=14 mm dr=15 mm

K5 TARRESHRS M

Fig. 5 Electric field distribution in operational state
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