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Distribution Function and Drift Velocities in Mixiures of SFs and Ar
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Abstract - Distribution Function and Drift velocities for electrons in SFg~Ar mixtures gases used by MCS-BEq
algorithm has been analysed over the E/N range 30~300[Td] 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[%] SFs—Ar mixtures were measured by time-of-flight method.

The results obtained in this work will provide valuable information on the fundamental behaviors of electrons in
weakly ionized gases and the role of electron attachment in the choice of better gases and unitary gas dielectrics or
electro negative components in dielectric gas mixtures.

The results show that the deduced electron drift velocities agree reasonably well with theoretical for a rang of E/N
values.
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Table 1 The results of Boltzmann equation simulation

sk Boltzmann Equation Analysis  ( TSSMIX.FOR ) s
cf4dat / ardat  Mixture

Mix Ratio cfddat : ardat = 5.000 : 95.000

E/N = 80.0000 (Td) Temperature = 300.0 (K)

No. of Cross Section Included cfd.dat : 8 ardat: 7
Maximum Energy for Distribution Function = 34.000 (eV)
Energy Separation = 0.1133E-01 (eV)

No. of Points for Distribution Function = 3000

Print Step = 50

Energy vs. Distribution Function

Energy(eV) 0 1 2 3 fs 001

0.000 0.5898E-01 0.0000E+00 0.0000E+00 0.0000E+00 0.6050E-01 0.0000E+00
0567 0.5864E-01 -.1138E-04 04611E-09 0.2473E-11 0.5998E-01 -.5297E-08
1.133 0.5823E-01 -.2218E-04 0.2558E-08 0.2714E-11 0.5939E-01 -.4366E-08
1700 05743E-01 -3172E-04 04956E-08 0.3510E-11 0.5842E-01 -.2823E-08
2.267 0.5631E-01 -.4009E-04 0.7569E-08 0.4874E-11 05714E-01 -.8440E-09
2.833 0.5488E-01 -4731E-04 0.1030E-07 0.6850E-11 0.5556E-01 0.1513E-08
3400 05314E-01 -5336E-04 0.1305E-07 0.9358E-11 0.5369E-01 0.4220E-08
3967 05116E-01 -5839E-04 0.1593E-07 0.1217E-10 0.5158E-01 0.6985E-08
4533 04893E-01 -.6235E-04 0.1834E-07 0.1518E-10 0.4923E-01 0.9366E-08
5100 04644E-01 -.6520E-04 0.2164E-07 0.1834E-10 04663E-01 0.1270E-07

28900 0.6178E-08 -5348E-10 0.2179E-12 -5446E-15 0.5562E-08 0.5412E-14
29467 0.3465E-08 -.3067E-10 0.1281E-12 -.3205E-15 0.3110E-08 0.2979E-14
30.033 0.1938E-08 -.1753E-10 0.7499E-13 -.1984E-15 0.1734E-08 0.1629E-14
30.600 0.1082E-08 -.9997E-11 04378E-13 -.1190E-15 0.9654E-09 0.8882E-15
31167 06035E-09 -5694E-11 0.2551E-13 -7117E-16 0.5370E-09 04833E-15
31733 0.3376E-09 -3249E-11 0.1488E-13 -4255E-16 0.2996E-09 0.2635E-15
32300 01912E-09 -.1874E-11 0.8752E-14 -2561E-16 0.1692E-09 0.1451E-15
32867 01126E-09 -1120E-11 0.5314E-14 -.1584E-16 09943E-10 0.8272E-16
33433 0.7398E-10 -7402E-12 0.3540E-14 -.1065E-16 0.6526E-10 0.5275E-16
34000 06142E-10 -6124E-12 0.2919E-14 -8755E-17 0.5421E-10 0.4318E-16

2.3 A EzA

a9 1o AIAAY FAEE JEUden dgiEEy
Double shutter drirt tube ¢ & wiz1A], 714 =44 5
o2 G439 th Double shutter drift tube & AYE FF
3t 2=(K), 2719 A=A} shutter(S1, S2) FHEH(C) ¢ 7}
o= TOoE o]FojHom 2VHAY FHES F5a UV
Lampe] AejA oz ZALE I shutter (S1, S2)&= 2®Hl 2~
dde® 1 mmel FAeE FAH vk 29a ==
E AZE 1~10 cm9] HHYE 7H¥E § JEF sta thol
g AlejHel gt =AHHEY. FIAHCO)E A4 82 mmY
2®lg 2~ Y3l Guidring< W7 100 mm, F74 9 mme]
2®lg 2 dRo g HAAt olsdds Hes A FolA ol
TY 7 AEF AL

&2 Double shutter drift tubeE ©]&-39] TOF(Time
of Flight o2 stk 71, 71A2% % E/NEFA ] Al
7], Ne7lA4 2= 35353%10 % em ™, 0 °C, 1 Torr)e U7 s
z A AFAbololl 7] AAE HAAA HE] AF{FE pico
electro-meter® =A3stAtt 28]l JAFEe FH7IA &
E—ﬂ‘é@*ﬂ]# A AEA e} vEEE oE 741% o] &3} 3Tt

B Ao A shuttero] Q7lHE HAZ LS 60~350 nsE
B 41:1% Pulse Regulator(S1: 8013B HP, S2:PG230)°
ol Al A7kt AT

SFe-Ar E&7|M o HAZEZEF o/lSEHE

Trans. KIEE. Vol. 59P, No. 2, JUN., 2010

lonization | i =1 _  [Pulse —— Oscillo
facuum 1L K 1, Generator || 5E0P€
Gauge ' &1 : (1) | | S
! 1
" I | |MHigh Voltage
Variable I DC Power |
Leak Valye v o |
I~ I Vacuum | |7 |
! . [ |
LS i — L
| | ]
| . I
| 1 Chamber |
7. ! ! 1
IE: | H )
A Val I h Multimeter
R I
£ |
1 52y
‘ I
I 1

A

- Multimeter Baratron
|

meter

L |

O3 1 AEERIe FHE.
Fig. 1 Schematic diagram of the experiment system.
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Fig. 2 Collision cross sections for electrons in SFe.
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Fig. 3 Collision cross sections for electrons in Ar.
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i
0.0 0.20 0.40 0.0 0.80 1.0 1.20 1.42 1.@ 1.20 .00
Delay Time ( us )

L Tm-G Tm (uS) 2dt (uS) dat~2 P.F H.F B.L. Area (%) |

1 0.3600 0.3582 0.13493 4.55E-03 15 10 4 4 100.0 |

2.0.3880 0.3828 0.14749 5.44E-03 15 10 4 4 89.0 |

3 0.4280 0.4213 0.16621 6.91E-03 15 10 4 4 79.6 |

4 0.4680 0.4552 0.18484 8.54E-03 15 10 4 4 82.6 |

5 0.5040 0.4907 0.19674 9.68E-03 15 10 4 4 83.2 |

6 0.5480 0.5300 0.21244 1.13E-02 15 10 4 4 81.6 |

7 0.5880 0.5650 0.22718 1.29E-02 15 10 4 4 83.4 |

8 0.6280 0.6113 0.23818 1. AZE 02 15 10 4 4 83.7 |

9 0.6720 0.6446 0.25908 1.68E: 15 10 4 4 86.8 |

%10 0.7080 0.6881 0.26727 1. 79E -02 15 0 4 4 91.7 |

WP= 0.2696E+02 : 0.300E+00 (cm/uS) DL = 0.1486E+02 : 0.572E+00 (cm*2/us)
L0 = -8.377E+00 (cm) NDL = 0.5253E+17 : 0.202E+16 (cm-uS)-1
TO = +3.107E-01 (us) L0 = -1.629E+00 (cm)

S = 0.3159E-04 TO = +2.471E-03 (us)

R = 0.998888 S = 0.1573E-06

DL/u = 0.5845E+01 v) R = 0.996700

3% 4 SFe-Ar EE7IM Sl MR AZF2Zel £H of.
Fig. 4 An example of arrival time spectra of electrons
in SFe=Ar mixtures.
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Fig. 6 Energy distribution functions for electrons in Ar

4.4 SFe-Ar E8t7|&M 2 ol{X] 2Zet
AApe ouA By e 9o

| ZHg3td B3 AE ol
A gojua olu FX 4] FEZF Wt BX o
gk A8 JF JAY FHol gt Aelst uH
A FolAM st PA= ThEH o] duA = Wsteta A
A= 59 AZrt Wastoh uweka Az} dyx] BE
o] BAAA AT A FolA A2 Hit duA e FE
2 9L dyxg gtoem HrieE14].
0.14 T T T
0.12 .
0.10 .
E E/N = 200 [Td]
0.08 .
I SF+ Ar = 0.5[%] + 99.5[%]
> . Sample = 14
(5] P L = 2.6[cm]
= 0.06 =73 .
m / e
'./ —=—BEq
0.04+/ .
J SF,+ Ar = 0.2%]+99.8[%]
4 Sample = 17
| L =2.0[cm]
0.024f it 8
0.00-

10 20 30 40

3% 7 SFe-Ar EEIIAMOAM MXOHX| 2=
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