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Abstract — A realistic surface model is presented for prediction of various surface phenomena such as polymer dep-
osition, suppression and sputtering as a function of incidence ion energy in high density fluorocarbon plasmas. This
model followed ion enhanced etching model using the “well-mixed” or continuous stirred tank reactor (CSTR) assump-
tion to the surface reaction zone. In this work, we suggested ion enhanced polymer formation and decomposition mech-
anisms that can capture SiO, etching through a steady-state polymer film on SiO, under the suppression regime. These
mechanisms were derived based on experimental data and molecular dynamic simulation results from literatures. The
model coefficients are obtained from fits to available beam and plasma experimental data. In order to show validity of
our model, we compared the model results to high density fluorocarbon plasma etching data.
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Fig. 1. Schematic of plasma-surface interactions in fluorocarbon plasma.
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Fig. 2. (a) The etching yield as a function of ion energy based on the observed experimental trends. (b) Schematic of the model that describes the

SiO, etching mechanism in the suppression regime.
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Table 1. Reaction set for SiO, etching in fluorocarbon plasma

ke
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Reaction Process

Flux dependence  Surface coverage Rate coefficient

Reaction sets for SiO, etching in ion-induced layer

Reaction with F atoms

[1]  SiO, +2F,—>SiO F,, Neutral adsorption on clean SiO, Iy Oin Sp

[2]  SiO,Fy,+2F U SiF 4g) T Oq 28104+, lon-enhanced chemical etching I, 0 Yur

[8]  SiOyCFy+Fy—> SiO, + CF (o Recombination of CFx with F Ty O py K

Reactions with fluorocarbon species

[4]  SiOy) + CF,>Si0,— CFy, Neutral adsorption on clean SiO, | . Oin Sery

[S]  SiOy, —I[CF,], r, SiO,— CFy Ton-activated polymer decomposition I, (1-6) Yus

[6]  SiOy —[CF,] r, SiO,— [CF,], Ton-enhanced polymer formation I, O1crep Yup
. I .

171 Sfoz(") ~ICRD > SIIO+27 ,[CFX] CF, site formation by ion bombardment T Orcrn Ve

[8]  SiOyy) — [CF L+ F(y — SiO,— [CF,] T, B¢ Vapr

[9] 2Si0,-CF ry SiF g+ 2C0y4) + SiOy  Ton-enhanced chemical etching by CF, I, O Yue

Reaction sets for fluorocarbon deposition

Reaction with F atoms

[10] [CF . +F N [CF 1) Ion-enhanced etching of polymer I, Orp Ypr

Reactions with fluorocarbon species

[11] [CF a4+ CFyy—> [CE ) Polymer deposition Iepe Ocrp SCre

[12] [CF . 1) [CF 15 CF, consumption by ion bombardment I, Ocrvp Ype

[13] [CF 1) [CF ] lon-activated polymerization site formation I, Ocrvp Ypg
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Table 2. Coefficients and parameters for the SiO, surface model

Value

Sy 0.02
S 0.9
Spicr 0.1
Scrvicr 0.1
Scrvp 0.1
Sp 0.01
K 0.0153
Y,r E>Ep, 0.0457(JE- JEz),  Ep=4.0eV
Y,s E>Ep, 0.0361(JE-./Er;),  Ep=4.0eV
Yyp  Ep/2<E<Ep,  —00361(JE-/Epm),  Ep=128eV,

E<E,/2, 0.0150./E
Y, E>Ep 0.0305(/E— /Eqsy), E;y=4.0eV
Yusr  E>Ep, 0.0456(JE=JEs),  E;u=20.0eV
Y,  E>Ep, 0.020(E—/E7sy), Ep=4.0eV
Yo  E>Ey, 0.45(JE= JEqsy), E;;=35.0eV
Y,  E>Ey, 0.020(/E—./E;z), Epy=4.0¢eV
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Fig. 7. SiO, etching yield as functions of R, and R (Ion erergy is
100 eV).
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Fig. 8. SiO, etching yield as a function of ion energy (R;=10 and R,
=10). Experimental data (@) are from Oehrlein et al. [16].
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DY : deposition yield (deposited atom/ion)

EY : etch yield (Si atoms/ion)

Ry : F atom to ion flux ratio

Repm : CF, radical to ion flux ratio

K : recombination coefficient of CF, with F

Sk : sticking coefficient of F atoms on clean SiO,
Scre : sticking coefficient of CF, radicals on clean SiO,
Spcrq  : sticking coefficient of F radicals on chemisorbed CF,
Scrucry : sticking coefficient of CF, radicals on chemisorbed CF,
Scryp ¢ sticking coefficient of CF, radicals on polymer
Spip : sticking coefficient of F radicals on polymer
Yur : ion-enhanced chemical etching yield

Y s : ion-activated polymer decomposition yield

Yur : ion-enhanced polymer formation yield

Y : ion-enhanced etch yield by CF,

Y ssp : physical sputtering yield

Ypr : ion-enhanced etch yield of polymer with F atoms
Yoo : CF, consumption yield by ion bombardment

Ypg : ion-activated polymer site creation yield
Jz2loja EX}

'y : fluorine radical flux

g : CF, radical flux
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I, : ion flux

0p : fluorine surface coverage

0 crr : CF, surface coverage

0p : polymer surface coverage

Opp : fluorine surface coverage on polymer

Op*p : activated polymer surface coverage on polymer
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