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Abstract — A two-dimensional fluid modeling was performed for the analysis of the high-density plasma source. The model
coupled plasma transport, neutral species dynamics, gas flow, heat transfer, and plasma power coupling from an external
source. The governing equations for multipmment transport system were solved along with Maxwell's equations for induc-
tively coupled power deposition. The model was applied to a chlorine discharge in the plasma source chamber of helical re-
sonator. The effects of reactor pressure, gas flow rate, and deposited power on the plasma density and the electron temperature
were examined.

Key words: Two-Dimensional Modeling, High-Density Plasma, Helical Resonator, Chlorine Discharge

=
x
r

ol¥ ZEHo| o]} FrjZe] w2 EYX(flux)/t Z2st=S sto] A
e e 8l 2 EEE AAE o Ak BE, AY 2delA
o] 29 Hit A3 (mean free path} sheathdo] Rt} Zdoj o] &
sheathd <ollA] fo]H e} A A YA = e g L 5
T 3t} o]gjel % dlo]H rlojo]iE Fa o] ofuix]| g}

SHEAEE o8- Aol F3 T 24F A 27 A 2
oA Fa gt &S st T[] 53], 25 9H=A| AF-2 200 mm

o4 300 mm#le]HZ ] tfAA S e} 0.18um B4 27129 St o g o]
AdE T glow[2], o] 5 Sl = thH A& AojHdl| AAA FHU= EE== F#%ﬁ—i Ao 7 JoBR & JuA (selectivity)s
A3k 7L A (uniformity), S84 71 2 ¥ 534 (anisotropy) L& 2L 72 k= 9T},

AL Solr 22 A4 (throughputg: 18]k 3], wEhA], o]H g A%, TR EuEAtE o] 88 A whgr]E0]
200 mmel/de] ols oA FEdt wdAd-E 9] SshA wEA| MLER oW o] 5 o] g8l #4944, BT, ZEW ili" A%
AL B fols oz ol olHokal, FHu/L & vISWA S o 22 WSAE
A= A Sl 87E L SHARA o]H ulolo]X(biasyt E 2 81vH4] 7S M=

o rlo ox & rr

A e ﬂii

jg o

s @75“9} 51144

e, 71E8 RIE-S2k2E w87l e ol Hl g AgtolA] F3tsh 2 & Z&F)of 8, & - 5}31@% B3 QA% elsjof O?Uf’a
dee] Setzns 48 4 glo e HAE 4 gl 53, ol o] & gt o|FEdhe AL B8 A7 Ato]Z(design cyclef oA
g Tl SEkEvks BA8A17)7] fla gad A Sl dolHE H| 582 o|t}{4, ] wEhA, 2ol AEAL 22 g e] JiE F5)
Folok 7] WEd] ol el YA LR Hlololis AojE: T gl AA B1EH AR Haskshe o] o] FolX| 3 Yt 2y 7]E
ZEh, 7% (>10" cm™®) S2k=rH(high density plasma; HDB) 74 o] A% E }ZU} WkS-7] Z A= ECR(Electron Cyclotron Resonance)
9] g B Ee] HAE f9) A M (<10 mmTorrp 2 2A35h, £l [6-9]°1} ICP(Inductive Coupled Plasma)[2-3, 5, 10&1F315] o] gko.

W, Bt} B A& e W ue 74 %S Role dE T3
TE-mail: cbshin@madang.ajou.ac.kr g A4 AL o] FoIRA] L v

23



24 obdg

shuel ded 7
o] WL Bh371e) 7129

4 LR, 1

‘_g PR ! S = Tfj:]"o— Zﬂ ]O]'—T/—.‘IQI‘
aeuiel 2oAsle] AAEAE Fasiale) oIF Fa) 2 B4
of AP €] 7 o] £} AAe] Lo} UEe) 249 FES A
HEgkTh

2. 488 mu

B ATdA] e gidoz sk dejd 11719 Ad g i
F=E Fig. 1o YeRHTH12]. 274 4.8 cn] AAHFE Y wAgd S
Zo]7} 23.0 cne] L 2% FYd| o8] 7R FEo] 14.4 cnelth. LAY
o) Ao ZRE vhETIAR] Clyt #dsh o= fYEct.

AA(<1 nsp} 1 9] 2] 3}ERE(o] 2ol st P ps, SN tiste]
) mep] 3t Bhehkg AJ7ke] 2 jolE g BAS s
e g oR REPAE AEETh

2-1.712 71

(1) ¥371% bulk 923} sheathd g o2 FEste] a3t}

2)-Fdd 71 9} vkl o)) A E uke- E3HE2] 52 continuum
© 2 Mgt olE gk /g o] A-8-57] $15te] Knudsen number(Kn X/

Gas In
|
1
- - T- - -
]
!
4
3 |
i
< i °
° | °
° ! o
1 °
° | °
° 1 °
o | °
230 | 144 o '
° ! o
o] | o
o H °
o | °
o i °
—1-° i °
24
43 |
(unit ; mm)

N

Fig. 1. Schematic diagram for the source chamber of the helical resona-
tor plasma source.
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Table 1. Boundary conditions used for the helical resonator simulation
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Fig. 3. Flow(left) and pressure(right) field profiles in the reactor. Base
case conditions.
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A : thermal accommaodation coefficient
c : speed of light [m/s]
G : specific heat [J/mal K]
D : diffusion coefficient [M/s]
E : electric field [V/m]
e : charge of an electron [1.60207° C]
g : statistical weight [is]
H : enthalpy [eV]
| : current density [A/m]
J : species flux [/fs]
k : Boltzmann’'s constant [1.38110°% J/K]
Ke : electron conductivity [J/m s - K]
L : characteristic length [m]
m - mass [kg]
n : density [/m]
P : power [W]
p : pressure [J/cfh
Q heat [J]
O : electron energy flux [J/fn s]
R : reaction rate [c - s
S : sticking coefficient
T : temperature [K]
t :time [s]
u : velocity [m/s]
Jz2|o|A 2Xt
: frequency [Hz]
\Y : collision frequency [Hz]
= : vacuum permittivity [8.854 10™2F/m]
y : ratio of specific heat
A - mean free path [m]
u : viscosity [Kg/m- s]
P : density [Kg/ni]
T : stress tensor
=Ry
coll  :collision
e : electron
ext : external
k : charged specie(;, , CICI)
n > neutral
pe : Xzasma
r : r-direction
0 : B-direction
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