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Table 2. Included reactions in each discharge (CF4/
02, CF4/H2, CoFs and CsFs include all re—

actions of CF,).

-’] =5 6‘2 lvﬂ‘}ﬂ' 01‘93\1_4‘. Reactions Ref,
ololA oAl 718 Wy Ash Tejel kS-S 2] Cl/Ar discharges
stglon, MMIAAE UE AL 2uE AxLEe}l &% Electron collision reactions
9 _,]Zk] o2 UehjjolT, VAN TRk Aufas electron collision with argon [5]
E—] _E_ ].A]CO Zg_ol‘oq 7‘331’5‘ (;&E]I‘ e+ Cl—Cl" +2e (5]
e+ Cly—> Cly +2e [15]b
e+ Aot + 2 [15]°
e+ Cl —Cl+2e [15]b
II E%%)I e+ Cly>2Cl+e [15]°
e+ C—Cl +e [15]b
U Akbol| 112fH F2 Table 19 Ydat4lar, vhs et Ay + [16]
1 WS A=) 3l I EFL Table 20 Agstc), o] Neutral-neutral reactions (5]
£, 4F U BT weol e 3 dsygae Lonnounal reactions o)
thoa} 7t CFy discharge
=1 E
Electron collision reactions [2]
Neutral—neutral reactions
dn,
T Zki:inenj + Dk =, Oyt o OF, (21
J gk 0 v CF,+ F—CF, [2]
flow P
(E 'ji e n, + Z knk) NiVigss,i + 0 - ?ni (1) CF+ F—CF, [2]
Other reactions [17]
o714 n, &} n, = 212} i 2} Hxje] Wreo|oh k{j_t_ jE Ion—neutral reactions
AA7L Eot0] i3S AT BESY] AGola, k= CFy+ F—CFte 2]
Other reactions [17]
Ion—ion reactions [17]
Table 1. Considered species in this work for CIz/_Ar, CF./0; discharges
CF4, CF4/02, CF4/H,, CsFs, C4Fs and SFe dis— | s -
charges (CF4/Os, CFa/Hs, CoFs and CaFs in— Electron collision reactions
clude all species of CFy). et Oy Oy +2e (18]
; e+ O;>0"+ O+ 2e [18]
t
I;z: Considered species et 0y>0 + 0 [18]
Cl/Ar|CL, CL Ar, Cl', CI', Ar', I, e ¢t O Ote [19]
**) + b
CF, |CFs, CF,, CF, C, Ty, F, CFy", CF,', CF', F', F, ¢ et 0Oyt 2e [19]
CF./ |CFy, CFy, CF, C, Fy, F. Oy*, O, O, COF,, COF, CO,, et O 0Oyte [20]
0, |CO, CRy', CRy', CF', F', 0,", 0", 07, Oy, F', e e+ 020+ O+e (21]
CFy/ |CF;, CF,, CF, C, Fy, F, HF, CHFs, CFy*, CF,", CF", et O Oyte (21]
Hy |F', H', H, 6 F, e e+ 0—>0+e [22]
CsFs |CFs, CFy, CF, C, Fy, F, CFs*, CF,", CF", F', F, e e+ 0—>0"+ 2 (23]
oF C4Fy, CyF4, CoFs, CFs, CF,y, CF, C, Fy, F, CsFs', Neutral—neutral reactions [17]
e CoF,", CFs', CRy', CF', F', C4Fy, F, e Ion—neutral reactions [17]
SFs |SFs, SFy, SFs, Fy, F, SFs', SF,', SFs', Fy', SFy, F, Ion—ion reactions [17]
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Table 2. Continued,

Reactions Ref,
CF4/H, discharges
Electron collision reactions [6]
Neutral—neutral reactions [24]
CoFs discharge
Electron collision reactions [19]
C4Fg discharge
Electron collision reactions [25]
Neutral—neutral reactions [25]
Ton—ion reactions [25]
SFs discharge
Electron collision reactions [26]
Neutral-neutral reactions [26]
Ton—neutral reactions [26]
Ton—ion reactions [26]

"Resulting rate coefficient as a function of electron temper—
ature using Maxwellian distribution assumption, bResulting
rate coefficient as a function of electron temperature using

time—lag Boltzmann distribution assumption,
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Figure 1,

Figure 2.
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Various values of rate coefficients for (a) C/i+e—C/*+e and (b) O-+e— ' +2e, Here, v/ means selected
rate coefficient in this work,
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(a) Comparison between calculation and experimental results (calculation results of ——: Total positive
ion and —=—: Electron density. M. V. Malyshev experimental results of #: Total positive ion and 0. Electron
density). (b) Dependence of CF. density as function of fraction of O, gas added to CFs; gas (m:
Experimental data in Ref. 2, —: calculated density),
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1 2 3 4 5
Electron density (10'° cm)

Figure 3. Dependence of Cl radical density on the elec—
tron density and temperature in Cly/Ar dis—
charges.
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C/F ratio in CF,

C/F ratio in CF,/O,

C/F ratio in CF,/H,
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Figure 4, Dependence of C/F ratio on the electron
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density and temperature in (a) CF4, (b)
CF4/02 (CF4 t02=1: 1), and (C) CF4/H2 (CF4
I H, =1 : 1) discharges.

F density SF, (10'3 cm™)

1 2 3 4 5 6 7

14
12 |

10 |

I density in C,F, (10'% cm™3)

= Lt N - 0 O

F density in C,Fg (10'% cm™)
(%)

2 4 6 8 10 12 14

Electron density (10° cm)

Figure 5. Dependence of F radical density on the elec—
tron density and temperature in (a) SFs, (b)
C2oFs, and (c) C4Fs discharges,
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Dependence of radical and ion density on electron density and temperature is numerically
investigated for Cly/Ar, CF4, CF4/O,, CF4/H,, CoFg, CsFs and SFs discharges which are widely
used for etching process. We derived a governing equation set for radical and ion densities
as functions of the electron density and temperature, which are easier to measure relatively,
from continuity equations by assuming steady state condition. Used rate coefficients of
reactions in numerical calculations are directly produced from collisional cross sections or
collected from various papers. If the rate coefficients have different values for a same reaction,
calculation results were compared with experimental results. Then, we selected rate

coefficients which show better agreement with the experimental results.
Keywords : Plasma, Radical composition, Etching process
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