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Essentiality of Electron Energy Distribution Function in Excitation Kinetics

of Discharge Oxygen Plasma Generated in a General Laboratory

Junya Konno, Atsushi Nezu, Haruaki Matsuura, Hiroshi Akatsuka* (Tokyo Institute of Technology)

We have calculated characteristics of excitation kinetics of O 1D in low-pressure discharge oxygen plasma.

When the rate coefficients are written as functions of electron energy distribution function, satisfactory results

are obtained. It is considered to be essential to take account of electron energy distribution function. We also

examined the validity of the model by actinometry measurement for O 3P state.
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Table 1. List of electron collision processes

considered in the calculation of number densities of
excited states in Eq. (1).

No. Electron Collision Reactions
1 0:(X3%) + e o O2a 1Ay) + e
2 02X 335) + e o 01z + e
3 O2a 1Ay) + e o 0:2(b 12,%) + e~
4 02X 35y) + e — Oy + 2 e
5 02X 38,) + e o O-+ O(P)
6 O2a 1Ay) + e o O-+ 0(P)
7 02X 35y) + e —  200GP)+e
8 Os(a 1Ay + e o 2 0CP) + e
9 Ot + e — 2 O(P)
10 O3 +e o OFP) + 02X 3%¢) + e~
11 O +e - OGP) +2 e~
12 02X 335) + e —  0O(P)+0(D) +e
13 O2a 1Ay) + e — OGP) + O('D) + e~
14 OGP) + e — O(D) + e~
15 O(D) + e — OGP) + e
16 0:(X 35y) + e —  200D)+e
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Table 2. List of atomic and molecular collision

ICBWTEE

processes considered in the calculation of
number densities of excited states in Eq. (1).

No. Electron Collision Reactions
17 OsalAy) +O- - O +e
18 0ab %" + O OCP) + 02X 3%¢) + e~

19 O +0y
20  Osfa 1Ay + OGP)
21 O+ 02X 35¢)

OCGP) + 02X 3%¢)
0:(X 3%¢) + O(GP)
2 02(X 3%¢) + O(GP)

32 O(D) + 02X 3%y)
33 O(D) + 02X 3%y)

OGP) + 02X 3%¢)
OGP) + Oq(a 1Ay

22 2 0s(X3%,) + OGP) — 05 + 02X 3%y)

23 OGP)+0s — 2 OGP) + 02(X 35,)
24 2 0CP) + 02X 33, - OGP) + O3

25  OCP) +Os - Os(a 1Ay) + 02(X 32,)
26 0 %) + 0s — 2 0:(X 3%¢) + OCP)
27 OslalA) + 0:X3%) o 2 05X 32¢)

28 Oqfa Ay + O3 - 2 02(X 3%¢) + O(GP)
29  O(GP)+0s — 2 02(X 3%4)

30 O +0g* - 3 OCP)

31 O(D)+0¢P) — 2 OCP)
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Table 3. List of inelastic collision processes of
electrons considered in the calculation of the
Boltzmann equation, Eq. (6).

No.  Electron Inelastic Collision Reactions

1) e+ 00X 35y) - e +0AY),
Y =alAg, b2t 4.5eV,6.0eV,8.4eV,9.97eV, 14.7 eV
(2 e +0(P) — e +0(2),
7 =1D, 18, 3s 5S°, 3s 3S°, 3p 5P, 3p P
(3) e +0:(X3%y) - e +e +0y
4) e +0CP) - e +e +0*
(B) e+ 02X 3%y) -  e+0+0
(6) e+ 02X 3% v=0) — e+ 0:(X 3% w=1,2)
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Fig. 1 Numerical procedure of the present calculation to
determine number densities of major species in the
oxygen plasma.
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Fig. 2. Schematic diagram of experimental setup of
microwave discharge plasma generator.
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Fig. 3. Numerical result of EEPF with respect to reduced
electric field.
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Fig. 4. (a) Numerical results of dissociation degree and
electron kinetic temperature plotted against reduced
electric field, and (b) comparison of calculated and
measured relationships between electron density and
dissociation degree.
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Fig. 5. Number densities of various species in oxygen
plasma calculated as functions of reduced electric field,
where the rate coefficient of reaction No. 12 in Table 1 is
(a) treated as a function of T, and (b) calculated by Eq.
(4) with the cross section and EEPF.
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