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Abstract

The authors have already reported that the ternary gas mixtures, comprised of N, SF,
and c-C,Fs have excellent dielectric characteristics under both uniform and non-uniform
fields, and they also have discussed the basic physical mechanism and properties of the
gases with Boltzmann equation analysis. In this paper, the authors analyze and discuss the
~ electron swarm parameters such as ionization coefficients and electron attachment coeflicients
of the gases, in order to study the effect of the differences between the two sets of the
electron collision cross sections for ¢-C,Fs that have been shown by Novak et al. and Itoh
et al., respectively, and between the estimation ofjelectronic and vibrational excitation cross
sections of N,. The analytical results of the electron swarm parameters in unary c-C/Fs,
unary N3, and ternary gas mixtures are different due to the difference in the cross sections
of each gas and their mixture ratios. It is found that the limit reduced fields of the mix-
ture gases are not remarkably dependent on the differences in the cross sections and the
‘mixture ratios.

Keywords : Electron swarm parameters, 'Electron collision cross sections, Ternary gas
mizxtures, Mizture ratios, Reduced field strength
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(c) Effective ionization coefficients &/pz.
Fig. 3.1 Electron swarm parameters as a function of the reduced electric
field E/py in c-CFs.
(I) The solid line shows the values estimated with the cross sect-
ion set (x1) shown by Itoh et al. for c-C,Fs, and (II) the dashed
line shows the values estimated with the cross section set shown
by Novak et al. for ¢c-C/Fs.



FARE - REE= - HEE=

0.32
028! o-Cafs
E/pao Vel o]

0.241,
020} |
o6
012 :
0.08

0.04

2 4 6 8

10
ENERGY [ev]

12 ) 16

(a) For the cross section set shown by Itoh et al. (x1)

0.32
c-CaFs

0.28

Efpao tveliot']

ENERGY [ev]

6 18 20 2

v(b) For the crossnséctiolnk set shown by NoQak et al. (x2)

Fig. 3.2 VElectron"enérgy distributions in c¢-CFs.

Wh. B/ () BB a/pp Tk, ERITERIC £~
T Naidu 5% X 0' Shimozuma ap%ﬁﬂj@;;p 8B

Lk%@&&of%b,ﬁﬁm%fﬂo%ﬂﬁlbbﬁ
WEEZRL T 5. Novak S0RLUMERICE 3 &/
beo i3, Itoh LOMERIC X 2 & D%, 2489 E/py
DRI BT LIt L o T 5.

Fig.3.212, c-C/Fs Bi—» 223\ T, E/pg % 110,
130, 150, 170, 190 [V - ecm™! . Torr '] & L7 $B&0D
BF=FAF¥-DMF () 2Rl D TH 5. K
(a) i Itoh 5, B (b) 12 Novak & HEMER
HHLEHLEIOTHS. WFh,
ZRAF —FRC BT — 7 RTHEL LT 5.
iz, B (b) LHENTR (a) OoF (&) i, E/pn

2[eV] LITOE

' 755150[V «em™!« Torr 'L Fiz s\ T, 0.2~0,3[eV]
DE=FF - FRCH - 7RI HE LT,

E/py 2MEL s 5o T DEAIIER CEE L s -

Tes. R(b) &, B (a)D E/pn>170[V - cmt.
Torr™] D@L, 2[eV] MR ¥ — 2 RTDH

EifoTna. LL, 4[eV] ks s, F(e)
EREROB L 5EIE LTV, 0L 3
KEGC=F ¥ —FIRCH - 2 2 RS H LD
% ¢-CFs DR T2 KL EBBHEMER Q. X3

- HOTHD. B, Itoh HOR L - BRI E 2, Novak

LORLICHERCENT, Qu ODRENEELcoT
Wb,
2T Figd1(c) D a/pp=0 L hEzbh3



FNy <y HERE L5 3RMEAHN A (No/SFe/c-CiFs) DBFAY + —bho37 A= & fEHr (IID)

ERBEER (E/poum CEBLTARD L, HRETIR
117.5 [V - cm~! - Torr], R TI1X138.8[V . cm—1.
Torr-1] &7 » T\ %. Christophorou & (1981)* (%
FEREERMmC 3T, c-CFs 13 SFe 0 1.2~1.3
OWBMIRE >l Lo LxBELTE D, SFe
D—cmshTwb (E/padium © 117 [Vecm™:
Torr-1] EH~_% &, Itoh HORTERA HRDIMET
12 SFe @ 1.004 f&Th 75 D {EL, Novak B2 HOMET
13 SFe © 1. 19 f2einie D EVER 52T\ 5. Ttoh &
DEEWEREIC X 5 a/pe DRHTRERIL, 'Naidu, Shi-
mozuma & D EHME &FVERRL T 5 4%, Novak
5OMERC X 5MIRERE»E I Ris-oT0 5. L
L, B0 sicBiL Tz, Novak b OREEIC L
LENHKERDO HHAL LA I WERERL TV 5.
coXsie, F (&), a/pn 5k (E/pedum ¥
wERAVAEL XS -CFs OMEEDE VL, ZOF
ADTRTENMEERC L 530 THB EHEMShD. 2
¥y, BRMEALCEFLOEHRE - BELLERCKS
L, c-CFs » Aicsy@Enik U, CFe, F-, CFs, CsF5-,
CFe 0L 5 nEEOEA A v HRRETSD. LIth-T,
R ONEEREN -CFs OENKERERTIOL
EHIhT5. B (E/pe)um &5 %% Novak 5

OEENTR S, SEEREELADLEVENTOSM
BMEEE S A TR EELLNS.

3.2 N2 ¥—ﬁz
. Fig.3.311, N B ADBREBR E/p0 TS

BEEBRE a/pn OELERLIZIOTHS. Ko

Fuy ML, ThERBOREEORES THS.
W, HECBELXN LERNT, AU E/pan X
LT, B\ a/pyp ZRLTWS Itoh & (1979)% 05
FMEC 7 4 » b @50, REBEMER Q. 13—
ELTEL, BFHREEHERE Qe X30ELELOKRE
X FNRER 20 SRS S TREFT L 18R FRTH
5. BT Qo & Qo B EFNFRBREEN & & irEl
LTI LIRTHD. FLTER, B a/po %
SRLTW5 Jones (1968)%° OFEJEC7 1 » F €D
I, SMEABC Qu & Qv XThThERIEN
SLEAEL, BOLOMER X BERCLT, ALY,
alll,, CI, o 3EROBHEHEHOKE X % 20 [%]
B X THERLERERTHS.

N, 0L 5 rEAlSSECE T, BEREKEOD
DOHBRBCEERET 0T, BHERYENEORE
K& bledicid, HEECBEY ML 5LELD

2 . 1]

o Harrison MA (1957)

a Jones J (1968)

o Daniel TN et al (1970)
< Fokard MA et d (1973)
o [toh H et af (1979)

v Wedding AB et al(1985)
x Fréchette MF 1986)
— (I}

=== (1)

—— (1)

ofpo Gitrord')
T

o’

<
ol

(-

A Govinda Raju GR et al (1982)
= Siddagangappa MC et &l 1983) R

-

1 1

100

150 200

E/pao (VariTort")

Fig. 3.3

Ionization coefficients a/pz as a function of the reduced electric
field E/on in N,.

(I) The solid line shows the value estimated with cross sections
at every exitation level of Q.; and @, respectively, excepting that
the electronic excitation cross sections of A%3,*, atlly, and CI,
for N, are in 20 % reduction of each cross section. (*3)
(II) The dashed line shows the value estimated with 80 %
sum of all Q.- and the sum of Q.. (¥4)

(III) The chain line shows the value estimated with Q. and @,
at every exitation level respectively. (i.e. in this case, the values
estimated with no modification of the cross sections on Qs and
Q, for Ns.)
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(I) The solid line shows the values esti-
mated with modification (*3) for N, in
the same way as (I) of Fig. 3.3.
(II) The dashed line shows the value esti-
mated with modification (x4) for N; in
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Fig.3.51%, SFe¢/c-CiFs BE&# 2D c-CFs OR4
HECN TS (E/pedum OBFLERLIZLDTHS.
Be#R1X Novak HORR LI -CFs DERMHEELH
WTEBIT LR T, E#ik Itoh 508K LD
BOTEBRLIEERTHS. F1-854813, Fig3.4:H
e Itoh B X - THEIWA-BITRERLY R LD
DTH5.

TOBEE, WThOBITEDL -CFs 0RAHIED
Hin& &b ieRm i asic LR, -CFs 2170Y%,
SFe 530 ZDBAHCE N THRAMEELRLT W 5. c-
CFs OBEHNChEBL 5 L, Fcieikit iz R
T5. BRI cCFs NBAIhDZ LRI VERID
bEV (E/podum BRL, RETFBEDRVEEL
REZRLTV 5. OIS CEROFVERE » LE
W (E/podlim ZRTDIX, c-CFs -¥_‘7J'xoﬁf§ﬁ'@
WELT, Itoh LORWRLAELOXACBZ LR X »
T, Novak LOLOXAVEL b L, BEERK a/pwn
ML, BERE 7/00 BB LictdThB. =0
e, -CFs ORAEIA»HINT B Liodis T, E
REBROBED (E/podum DEITAEL LTS,

3.4 3IWMNBFHRX (Ny/SFe/c-C,Fy)

Fig.3.6 13, c-C/Fs OBAEA AN TE a/py *F
LcbDTHS. FRC Fig.3.7 1% 9/pe0 %, * 1=
Fig. 3.8 @/pe0 OFLEX R LI LD TH B, %1, *



FAY =V FERE L D 3RMEEF X (No/SFe/c-CiFs) OBTFAY +— 537 4 — 5 T (11I)

15 ' " NofSFok-Ca 4:60%)
~~~~~~~~~~ £ /pro= 1500V Tori)
1lo I “"s. -
g — (1)
= -=== (1)
% ]
O E/pao=1000VciTar )
E/pao= 50 1WeritTort'y
) S , '
¢CaFe (%]

ofpa e Tor)

40 30 20 10 0

(a)

S (%]
The mixture ratio of N2 is 60 %.

i5F ’ No/SFi G 0T0%)
~~~~~~~~~~~~~~~~~~~ E/pa=500s )
10} '
— (1)
- (1)
R e
— ~‘m___..
E/pm= 50 (verrori)
ot N . .
0 10 G 20 X
30 20 % 0410 0

(b) The mixture ratio of N is 70 %.

Fig. 3.6 Ionization coefficients a/pyw as a function

of the mixture ratios of ¢-C,Fs in N/
SF¢/c-C,Fs at N;=60% and N:=70%.

(I) The solid line shows the values esti-
mated with the set (x1) and the cross se-
ctions (*3). '

(II) The dashed line shows the values
estimated with the set (*2) and the cross
sections (4).
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Fig. 3.7 Electron attachment coefficients 7/pz as

a function of the mixture ratios of c-C,Fs
in Ny/SFg/c-CFs at N:=60% and N;=70%.
(I) The solid line shows the values esti-
mated with the set (*1) and the cross se-
ctions (*3).

(II) The dashed line shows the value
estimated with the set (¥2) and the cross
sections (*4).
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Fig. 3.8 Effective ionization coefficients &/ps0 as a
function of the mixture ratios of c-C/F;
in Nz/SFg/C—CgFa at N2=60% and Nz=70%.
(I) The solid line shows the values esti-
mated with the set (*1) and the cross se-
ctions (x3).

(II) The dashed line shows the value
estimated with the set (*2) and the cross
sections (#4).
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Table. 3.1 The maximum limit reduced fields (E/
Pgo)um and SFe/C“CgFa ratios at Ng=60
9% and N3=70% in ternary gas mixtures.
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Fig. 3.9 Limit reduced fields (E/fz)1im as a fun-

ction of the mixture ratios of c-CFs in
Nz/SFe/C-C4Fs at N2=60% and N2=70%.
(I) The solid line shows the values esti-
mated with the set (x1) and the cross
sections (#3).

(II) The dashed line shows the value
estimated with the set (¥2) and the cross
sections (*4).
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Appended Figures Electron collision cross secti-
ons for c¢-C.Fs.
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