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A Study of Electron Transport properties in SFg+Ar Gas

*Jae-Sae Park, Sang-Nam Kim
Incheon City College

Abstract - In this paper, we describe the results of a
combined experimental theoretical study designed to
understand and predict the dielectric properties of SFs
and SFetAr mixtures. The electron transport, ionization,
and attachment coefficients for pure SFs and gas
mixtures containing SFs has been analysed over the E/N
range 30~300Td by a two term Boltzmann equation and
by a Monte Carlo Simulation using a set of electron
cross  sections determined by  other  authors,
experimentally the electron swarm parameters for 0.2%
and 0.5% SFetAr mixtures were measured by time-
of- flight method, The results show that the deduced
electron drift Velocities, the electron ionization or
attachment coefficients, longitudinal and transverse
diffusion coefficients and mean energy agree reasonably
well with the experimental and theoretical for a rang of
E/N values,
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Fig. 3.1 The collision cross sections of electrons in SFs gas
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Fig. 4.1 The ionization coefficients in SF¢+ Ar gas
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43 SFe+ArZ|He] daHa|AT

a9 435 SFHArE®IA FoM AEAYAF(a-
n/N) & ze E/N[Td]E seie|g] st EFuld
ot A4 d3E Jetdth

B A7dA EZ2A F9 HAdAF(e/N)= E/NF
59 Fldl g gAastn BEAAS(r /Ne 371
stgon AFAYAF(e-7/N)E ZF23e FFe] W
bttt

' v 1
_
00 = l7l¢|§v; =
! . S = S S
oy v
/!/I'/rr';t/’/

&
¢
/V/. /’
v L 4

/ —B- SEAr=0.1:99.9

—0-SEAr=05:99.3
~A- SEAr=1.0:99.0
/ b
D

1)

b
g
&

~¥— SEAr=3.0:97.
—4— SEAr=5.0.95.

(@-n)/N (cm

T v T

E/N [Td]

1Y 43 SFe+Ar7lA FoA AFEALASF
Fig. 4.3 The effective ionization coefficients in SF¢+Ar gas

Z SF, 7147 7HAZ e RS dASAL SF T,
SF;” & ¥AsE AARE 38 AgHoZ o §3}
= Rolth

Uwrdos Feagds AL 7HE EFE A &
F7iA el EAo] Eiuidl wil FAFHY FAHUT
EAHE S4E 7HAT IG15][16].

_74_



5. &

T

A7 84 2 vgd 3E 9uAR desy
o ARTE FASE ¥iny e E/N[Td] G914

EZNAY Efuld e A, 2F AEAGASF 2
AR} 4 A4 (Swarm parameter)E B27F 9 AL o]
£3 o2 oz Bz ABgoldd I A%
AFfe 7123 o€ A& BEqH, MCSo 93 Az}
Swarm#Zglo] ol £23 AYAF(e) FARF
Ax(n) BEALGASF(a-7), TLEFH e=nHe ¢
AZFAAE/N)mA A EF7F HE HES F3)
fon, SFetAr 87139 A WEe ¢4 SFol
3 2584{%]o2 Jelyton EFu|9 Zrtd wel o
ol FUtste AFE B9 39, SF, Ar ¢57A,
g2 SFetAr ER7]A FoA E/N=30~300 [Td]® % el
AN AR FEASE FIHTh

7o) Ao ¢ =8

rie
R’
-4
rir
>
il
o,
el
28
Fd
=
B
=
=
[4:2

[1] Lieberman M A & Lichtenberg A J, “Principles of
Plasma Discharges and Materials Processing” John Wiley
& Sons, pp472~511 1994.

[2] Flamm D L, “Plasma Etching” Academic Press, San
Diego, pp.91~183. 1989.

[3] Flamm D L, “Plasma Processing of Semiconductors”
Williams P F, NATO ASI series, pp.1~22. 1997.

[4] TYoshizawa, Y.Sakai, H.Tagashira and S.Sakamoto,
“Boltzmann Equation Analysis of the Electron Swarm
Development in SF¢” , J. Phys. D. Vol. 12, ppl839~
1852. 1979.

5] ERFEHWMRE FREKEL 1z v-0 9 o HET $140
%, 1974.

[6] RW.L. Thomas, and W.R.L. Thomas, “Monte Carlo Sim

ulation of electrical discharge in gases” , J. Phys. B. Vol.
2, pp.562-570, 1969.

[7] Philip. E. Luft, “Description of a Backward prolongation
program for computing transport coefficients” , JILA, inf
ormation center report, No.19, 1975.

(8] Philip. E. Luft, “Description of a Backward prolongation
program for computing transpor coefficients” , JILA, info
rmation center report, No. 19, 1975.

[9] H. Itoh, Y. Miura, N. Ikuta, Y. Nakao and H. Tagashir
a, Electron swarm development in SF6 :

1. Boltzmann equation analysis” , J. Phys. D:Appl. Phys.
21, pp922~93 0, 1988.

(10 Buks ef al., “xrverHERE L 5 EDEBR
FERoMEIcHL T REHRTEER, ED-86-116,
pp.39~49, 1986.

{11] S. Trajmar, A. Chutjian, “electron impact
excitation of SF6” J. Phys. B, Vol10, pp.2943
~2949, 1977.

[12] K. L. Bell, N. S. Scott and M. A. Lennon, The Scatteri
ng of low energy electrons by Argon atoms” J. Phys.

B: At. Mol. Phys. 17, pp.4757~4765, 1984.

[13] W. C. Fon, K. A. Berrington, P. G. Burke, “The elasti
¢ Scattering of electrons from inert gases:[II Argon” J.P
hys. B:At. Mol. Phys. 16, pp.307~321, 1983

[14] Arati Dasqupta and A. K Bhatia, Scattering of electrons
from Argon atoms” Phys. Rev. A. Vol32, No. 6, pp.3
335~3341, 1985.

[15] M. C. Siddagangappa. C. S. Lakshminarasimha, and
M. S. Naidu, “Ionisation and attachment in binary
mixtures of SF6-N2 and CCI2F2-N2” , ]. Phys, D. Vol
16, pp.763~772, 1983

[16] L. E. Kline, D. K. Davies, C. L. Chen, and P. J.

Chantry. “Dlelectric properties for SF6 and SF6 mixtures
predicted from basic data” J. Appl. Phys., Vol. 50(11),
pp-6789~6796, 1979.

_75_



