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During fluorocarbon plasma etching, plasma-surface reactions result in the surface acting as either
a source or sink for reactive species, thereby impacting the properties of the bulk plasma. For
example, experiments have shown that surfaces in radio frequeficxapacitively coupled
discharges can be either sources or sinks of @pending on, among other properties, the sheath
potential. The coupling of rf bulk and surface reactions, and their combined effects on the CF
density, were investigated using an integrated plasma equipment and surface kinetics model. While
CF, sticking on surfaces led to its loss, £Ean be generated from surfaces by energetic ion
bombardment resulting in sputtering of polymeric films, or neutralization and dissociation of ions.
The net effect of a surface for GFproduction depends on the relative rates of these loss and
generation processes. A surface can transform from a ngsi@k at low incident ion energies to

a CFk, source at high ion energies because the @Eld by ion—surface interactions typically
increases with increasing ion energy. The sensitivity of the model to probabilities of major surface
reactions was also investigated. Z00 American Vacuum Sociefs0734-210(00)05106-X

[. INTRODUCTION both a source and a sink under different process conditions.
These trends have been demonstrated in experiments by
Fluorocarbon plasmas are widely used for silicon and sili-Booth et al® They showed that in a rf discharge sustained in
con dioxide etching in microelectronics fabrication due toCF,  the powered electrode was a C8ource at high bias
their high rates of etching and selectivity.Investigating  power while the opposite grounded electrode was a sink. The
surface reactions in these plasmas continues to be of intergséwered electrode turned into a sink when the power was
because, in addition to their direct effects on the etch progecreased.
cess, they influence bulk plasma species densities which feed | this article, the coupling of surface and plasma reac-
back to etch properties.” Of particular interest are surface tigns is investigated by integrating the Hybrid Plasma Equip-
reactions involving Cf, as Ck is a precursor for wafer ment Model(HPEM), 2% a plasma simulator, with the Sur-
passivation. Controlling its density is therefore essential tqace Kinetics Model (SKM),2 which addresses plasma-
obtaining desirable etch properties. Experiments have demgyrface interactions. The consequences of surface reactions
onstrated that surfaces in fluorocarbon plasmas can act §$the HPEM are handled using reactive sticking coefficients
both sinks and sources of GFFor example, Fisher, Capps, produced by the SKM. The SKM applies a modified site
and Mackie observed that beams of fluorocarbon radicalgajance algorithm along reactor surfaces. By using incident
incident on polymerized surfaces produce additionab €F plasma fluxes from the HPEM, together with a user defined
These results imply that reactions off; radicals other than  syrface reaction mechanism, the SKM produces the surface
CF, produced that species at the surface. On the other hanggyerage of species, incident flux sticking probabilities, and
Sugai, Hikosaka, and Toyota measured a decrease in Chractional productions of returning species. The system of
density approaching the substrate in a capacitively coupleghterest here is a capacitively coupled discharge sustained in
radio frequencyrf) plasma reactor indicating that the surface c, 1o enable comparison to Booth’s experimehte sur-
acts as a sinR.This discrepancy can be explained by realiz-f4ce processes responsible for,Gfeneration and consump-
ing that reactions resulting in the generation and consumpyon were investigated. We found that Cfermation by en-
tion of radicals simultaneously occur at the surface, and it i%rgetic ion bombardment can exceed,Gfficking losses at
the relative magnitu_des of these processes that determingyseq surfaces, making the surfaces a &furce. With de-
whether the surface is a net source or sink 0y CIA fact, @ creasing substrate bias, the Gfeld by ion-surface interac-
surface in contact with the same plasma chemistry can act g)ns decreases due to decreasing ion bombardment energy.
The character of the surfa¢source or sinkis a function of
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a CF, plasma in Sec. lll. Results for a rf GRlischarge are by incident specied on materiaim, the fractional generation
reported and discussed in Sec. IV. Concluding remarks are i@oefficient, f spr,, is then the summation of fractional gen-
Sec. V. eration by all reactions of reactaAtwhich produce®. The
reaction mechanism allows for deposition of polymer and
diffusion of reactive species through the polymer.

ll. DESCRIPTION OF THE INTEGRATED MODEL For a surface process involving iofesg., ion sputtering

The integrated model has been previously described anthe SKM uses an ion energy dependent reaction probafility

so will be only briefly discussed heté.The HPEM is a Ex_ X
two-dimensional simulation consisting of three main mod- P(E)Zpox—;h, 3
ules: Electromagnetic ModuldEMM), Electron Energy Er—Ewn

Transport Module(EETM), and Fluid-chemical Kinetics \yherep(E) is the reaction probability for an ion with energy
Module (FKM). Electromagnetic fields and magnetostatic E, E, is the threshold energy of the proceBsjs a reference

fields are calculated in the EMM and are transferred to th%nergy and, is the reaction probability at enerds; . Ex-

. . ) -
EETM, where electron impact source functions and tra”Sporﬂaerimental data indicate= 0.5 for our ranges of energy and
coefficients are derived. Results from the EETM are passeg]at value was used. In this work. the SKM uses time aver-

to the FKM, which computes the densities, momentum, andiged values for ion energies as is appropriate for low plasma
temperatures of plasma species, and solves Poisson’s equyfinsity, thick sheath conditions. First the SKM locates the
tions for the electrostatic potential. The FKM outputs aregnaatn edge for each surface location. The sheath voltage
then fed back to the EMM and EETM. Converged results argy.qp (v ) at each surface location is obtained by taking the
obtained by iterating this process. As capacitively coupledyitfarence between the time averaged voltage at the sheath

discharges are being discussed here, only the EETM a”@'dge and that at the surface. The energy) (for the ith
FKM are employed. The options used for transport are conj,cident ion is estimated as

tinuity, momentum, and energy equations for all neutral spe-
cies and ions, continuitydrift diffusion) for bulk electrons,
and Monte Carlo for “beam” secondary electrons emitted
from surfaces.
Surface boundary conditions in the HPEM are handled b
a “flux-in” and “flux-out” algorithm. Species striking a
rf r nsumedr stick) with ifi r ility.
ézeif:siﬁeﬁoe\slglvg ?‘rosmctk?le sur?aizefores gi\?ebnalianci):jen'g' CF4 PLASMA AND SURFACE REACTION
species. Three parameters are used for the plasma-surfa (ECHANBMS FOR CF, PRODUCTION
interactions; the “consumption” coefficient of the incident  Fluorocarbon plasmas are typically used for dielectric
species, the identify of the evolved species, and the fractionaitching because of their high etch rates and favorable etch
generation rate of the evolved species. These parameters a@@lectivity of SiQ over Sit2 The complexity of fluorocar-
provided by the SKM. bon plasmas comes from the fact that many types of radicals
After accepting incident reactant fluxes from the HPEM,and ions coexist and contribute differently to surface pro-
the SKM implements a surface reaction mechanism for sureesses, resulting in simultaneous deposition of polymer pas-
face coverages and layer thickness. The general form of sivation layers at surfacelgvalls and wafer during wafer
plasma-surface reaction is etching!**® The etch rate of Si or SiQis sensitive to the
Ag+ By Cot Dy+Ey, ) ;hickng_ss of the polymeric Iayer Which.is formed byR?
eposition, usually decreasing with increasing polymer
where the subscrig denotes a gas species and the subscripthickness. On the other hand, polymer passivation of the
s denotes a surface species. The rate foritheaeaction in  sidewall helps in obtaining anisotropic etch profiles.,CF
the mechanism between gas spedeand surface specid®  radicals are precursors for both polymer deposition ang SiO
and on materiaim, R, is etching, and so controlling the density of 5 essential
to controlling etch properties. Surface reactions have the

A
EizMin( 1,t—) Vs, (4)

where\; is the mean free path of the ion, ands the sheath
Xhickness.

kD!

Rim=ki®amfem. @ potential of either depleting or enhancing local ,CF
wherek; is the reaction probability of thih reaction®} . densitieg!589:16
is the incident flux of plasma speciédson materialm, and Experimental evidence of these surface processes is usu-

Osm is the fractional occupancy of the surface spe8@ieshe  ally obtained by measuring the slope of the,Gfas phase
evolution rates of the coverages of surface species are oblensity at the surface. A negative slofalecreasing density
tained by summing the rates of reactions generating or corte the surfacgindicates a net flux into the surface, or a sink.
suming the species. The steady state coverages of all surfagepositive slope indicates a source. As a neutral species, CF
species are obtained by integrating the coupled rate equaadicals incident on a surface can chemisorb, thereby de-
tions for all surface species using a third-order Runge—Kuttareasing Ck density in the plasma region near the surface.
technique. The consumption coefficient for an incident spe©ne possible source for Glear the surface is the dissocia-
cies is then the sum of fractional losses by all reactions retion of large GF, neutrals by energetic ion collisions in the
moving the species. For an evolved gas spebigsoduced plasma sheath regidi. In low pressure discharges, the
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I* (large) TasLE |. Surface reaction mechanism.

Species definitions:
X4 Gas phase species
W, Bare surface site
Ps Polymer passivated surface site

Reactioft” Probability or rate coefficient Note
SURFACE
CFog+Ws— P 0.1 ci
CFyog+ Ps— P+ P 0.1 d, i
CFy+W,— P 0.1 c
Fic. 1. Schematic of the surface reaction mechanism for g @i$charge CFy+ Ps—Py+ P 0.1 d
without etfhing.l* rfpres_ents an _ion s_pecies. Larbje species include CoFag+We—Pet Py 0.03 c
CF; , C)F; , and GFZ which can dissociate to form GF CoFag+Ps— P+ Pt Pg 0.03 d
CoFsg+Ws— P+ Py 0.025 c
CoFsy+ Ps— P+ Ps+ Py 0.025 d
sheath thickness is typically smaller than the mean free path@ s, +Ws— CFq+Fy+W; Po=0.45 efi
for ion collisions, and so this source is likely to be small.C§g+Ps—>CFsg+CFzg+Ws Po=0.4 e.q
Reactionsat the surface are more likely to be sources of SFsg™ Ps—ChgtFgtPs Po=0.45 e fi
CE CoFag+ Ws— CFog+ CRog+Wg Po=0.45 e, f
2: . . CoF g+ Ps— CoFgg+ CRog+ Wy po=0.4 e g
In the steady state, the surface is partially or fully coveredcﬂng Po— CFog+ CFog+ Py Po=0.45 e f
by polymers deposited from,E, neutrals’ Energ_etic 10N C,F.;+ W, CFyq+ CFag+ W, po=0.45 e, f
sputtering of the polymer layer can generate, @itlicals by — CoFgy+ Ps— CoFsq+ CRyg+Ws po=0.4 e g
bond breaking reactions. A net source of,@¥y this process  CoFsg+ Ps— CFyg+ CFq+ Ps Po=0.45 e f
requires that deposition of the polymer layer be dominantl));giis_’%':égiilw 8-201 2 ;
. - . g s 29 g s . )
by CF, radials other than GF Energetic ion bombardment Foy Py Chayt o+ W, 0.35 e g

on the surfacébare or polymer passivatgdan also produce
CF, by neutralization of CE ions and dissociation of)g_;;r #Unless otherwise specified, all ions neutralize on all surfaces, returning as
: ; PR R ; _their neutral counterparts.
lons. This process is, in prlnC|pIe,-|ndependent of the poly PAll gas phase species have units of fllom 2s™). All surface species
mer coverage of the surface, so it can occur f_rom a]l SUrhave units of fractional coverage.
faces. The net effect of a surface on the production of IBF  °Neutral sticking to bare surface.
then dependent on the relative strengths of the consumptio:ﬁ'eutraI sticking to polymer passivated surface.
and generation of GFby these processes. See Eq(3). E=150eV, Ey=5eV.

. . lon dissociation at surface.
~ Areaction mechanism has been developed for a nonetchiy, sputtering of polymer passivated surface.
ing surface for a Cfplasma to account for these plasma- "F atom etching of the polymer layer.
surface interactions. The mechanism is shown schematicallf}ase case value. See text for sensitivity analysis.
in Fig. 1. The surface reactions are listed in Table I, with
reaction probabilities for the base case which will be dis-, - .
cussed in Sec. IV. Starting from a bare surfacgs,(eutral is net sticking of Ck to surfaces when power is removed

fluxes (CF, CF, C,F,, C,Fs) can stick to the surface to from his reactor. Granted there could be a small flux of low
form a poI,ymer' Iaye;hg;F flsuxes incident on the polymer ENETAY ions which continue to initiate sticking sites late into
. y

can also stick. F atoms etch the polymer layer and ion spu the afterglow, though this is unlikely. Given these contradic-

tering of the polymer layer erodes the polymer to produce éory results, we choose to express,GHicking in terms of an

CF, flux from the surface. With the growth of the polymer effe_zcti\_/e coefficient which may include some degree of ion
layer, the polymer consumption by ion sputtering and F atonfrctivation. . . . L
etching increases, and a steady state polymer coverage is T_he gas phase chemistry “S?d in the S”T‘“'a“‘)” IS sum-
reached where there is no net polymer growth. Large ioné“anzed in Table 11 The formgnon .of_QFradlcaIs mainly
(CF! ,CoF} ,C,FY) bombarding a bare or polymer-covered comes from eI(_ac_:tron |mpact_d|ssomat|on of&f:%, a+nd
surface can dissociate to return Lradicals to the plasma. CZFi‘ F|\+/e positive lon species are _producegl.3CFC2F4 ’
The probabilities of these ion-surface interactions are ion en-C2F5 ! F,, and F'. For these conditions, GFis the domi-
ergy dependent as described by Eg). hant ion.

There is considerable discussion in the literature on the
sticking coefficient of Ck on surfaces in fluorocarbon plas- IV. CF, PRODUCTION AND LOSS IN A rf CF 4
mas. Gotd® and Sawif® estimated that in the absence of ion PISCHARGE
activation of surface site, the sticking probability of Cis The capacitively coupled rf discharge used in this study is
small (~10"3). These results imply that any surface thatpatterned after Bootlet al® and is shown schematically in
appears to be a sink for GFequires coincident ion bom- Fig. 2. The reactor is cylindrical with a radius of 14.5 cm.
bardment. There is evidence from the work of Oehf&ihat ~ The radius of the lower electrod® cm from the reactor
this apparent sticking is preferentially initiated by low en- bottom is 5.5 cm, and the radius of the upper electrode,
ergy ion bombardment with activates sticking on other poly-which is 3.3 cm above the lower electrode, is 14 cm. A rf
mers. On the other hand, the work of Bobthdicates there bias at 13.56 MHz is applied to the lower electrode, which is
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TaBLE Il. CF, gas phase reaction mechani¥m. CF2 [100 = 1.8 x 1012 ¢m-3 SROUNDED
[
Species: CF, CF;, CF; , CR;, CF,, CF, F, F, F, F,, i}, CjFg, SHOWERHEA )/
CFs, CFf , CF,, CFf , CF;, e 6
Reaction Rate coefficieht Reference € 40
S 4
e+ CF—CR;+F~ c 22 -
e+CF,—CF, +F c 22 S 0
e+CF,—CF+F+e c 22 @ 2 POWERED
e+CF,—CF} +F+e+e c 22 < | ELECTRODE
e+CF,—CF,+F+F+e c 22 0 L R /
e+CF,—CF,+F+e c 2 PUMP PORT
e+ CR—CR+F C 2 (a) CF3+ [100 = 1.5 x 1011 cm-3]
e+CF,—CF+F+e c 24
e+CF,—CF+F~ c 22 .
e+C,Fs—CF +CF;+e+e c 23 IS
e+ C,Fg—CF,+CF; c 23 o
e+ CFg—CoFs+F c 23 c
e+CFs—CR+CF+e c 23 <
e+C,F,—CR,+CF+e c 23 T
e+ C2F4ﬂC2FI+e+e C 2F ok , - S
e+CF,—F +C,F, c 23
e+F—F +F c 24 ()] Te[100=7.7eV]
e+F,—F+F+e c 24 6
e+F,—F) +e+e c 24 =
e+F—F'+e+e c 25
60
e+CF} —CF+F 2.0¢10°8 24 24 R 20
e+ C,Ff —CF;+CF, 2.0x10°8 24 5
e+ C,F; —CFp+CF, 2.0x10°8 24 3 21
e+F, —~F+F 2.0x10°8 24 T
CF; +CF;—CF} +CF; 1.0x107° 26 0] 3 L 1 )
CF; +CFe—C,Fs +CF, 3.50x 10 26 © 0 5 10 15
CoF: +CoFs—CoF: +CoFs 1.0x10°° 26 Radius (cm)
C,F; +CoF4—CoF, +CoF, 1.0x10°° 26
F~+CF —F+CF; 1.0x10°7 27 B _
F+CF —F+CF, 1.0x10°7 27 Fic. 2. Densities ofa) CF, and(b) CF; and(c) electron temperature in the
F~+C,Fd —F+CyFs 1.0x10°7 27 rf reactor for the base case conditiof® mTorr, 250 V bias, 30 sccm,
F+F —F+F, 1.0x10°7 27 surface reaction probabilities as shown in Tabl&he labels on the contour
F +F"F+F 1.0x10°7 27 lines denote the percentage of the value shown at the top of each figure.
CF; +CF —CF,+CF; 1.0x10°7 27 Electric field enhancement produces peak values near the edge of the
CF, +CF »CFy+CyF, 1.0x10°7 27 electrodes.
CF; +C,F —CF;+C,Fs 1.0x10°7 27
CF; +F; »CFR+F, 1.0x1077 27
ggi?z?ﬂf é-gx 18:; g; CF, at 50 mTorr, 30 sccm gas flow rate, 250 V rf bias am-
F+3F+M_;F3+M 6.77¢ 1028 o8 plitude, and surface reaction probabilities as shown in
2 .
F+C,F4,—CF3+CF, 4.0x10° 1 29 Table I.
F+CoFs—CRy+CFy 1.0x10 ™ 29 CF, and CE densities for the base case are shown in Fig.
—12 .
EJJ:CQFFF’CCEH 113;8;< 187 i gg 2. The two densities peak close to the edge of the powered
F+CF3:CF“ 8.40x 10-15 29 electrode due to electric field enhancement near the corner of
2 3 . .
F,+CF,CFy+F 4.56x 1013 30 the electrode. As a result the electron temperature in that
Fo+CFy—CF,+F 1.88x10 %4 30 region is also higher, as shown in FigcR For this case, the
giﬁgiﬁgz"ﬁe 756(? 18‘1‘21 gg CF, density is highest near the powered surface, implying
2t Ch—CoFy .0X10” .
CR+CFRy o 8.26% 10-13 30 surface reactions there produce a net source gf CF

The axial CK densities at a radius of 3.5 cm are shown in
®Only reactions directly affecting species densities are shown here. AddiFig. 3(a) for substrate biases of 30—250 V. On the grounded
tipna}l electrqn impact. collisionge.g., momentum transfer, vibrational ex- upper electrode, GFdensities decrease from the bulk plasma
citation) are included in the EETM. to th £ f Il bi indicati ink. On th
PRate coefficients have units émsi * unless noted otherwise. 0 the surface for all biases, In ICE;tt '”9 a sm_ - On the pow-
°Computed using the electron energy distribution and electron impact crosered lower electrode, the GFlensity is maximum at the
dseCFion from cited reference. surface for high bias, indicating a source. With decreasing
Estimated by analogy to GF substrate bias, the slope of axial Cffensity decreases and
®Estimated by analogy to £;. . . _ . S
"Estimated. See cited reference for similar reaction. eventually is negative at sufficiently low biases, indicating a
sink. For example, the GFdensity at 30 V bias is shown in
Fig. 3(b), and shows a peak in the density in the bulk plasma.
surrounded by a dark space shield. The top and side walls of The variation of substrate bias has two major effects on
the reactor are grounded. Pure [Gfas is supplied through the CF density. First the power deposition increases with
the top shower head and is pumped from the bottom outleincreasing bias, resulting in more dissociation and more pro-
No wafer is used in the reactor. The base case conditions atkiction of Ck in the gas phase. The increase in power pro-
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trode and the biased electrode, there is a large dc bias on the
powered electrode. This increases the sheath voltage drop at
the powered electrode relative to that at the grounded elec-
trode. For all biases from 30 to 250 V, the sheath voltages at
the grounded electrode are low and near the threshold ener-
gies of ion sputtering or ion dissociation, having a maximum
of only =25 V. This leads to small rates of ion-surface re-
actions, and so GFgeneration rates are also small. For such
conditions, the Ck sticking at the grounded surface domi-
nates and the net effect of the grounded surface is as a sink
for CK.

At the powered electrode, when the bias is 30 V the re-
sulting average sheath potential is orh20 V, so the ion
bombardment energy is low, making the surface a sink for
CF,. As the bias is increased to 100 V, the average sheath
potential increases to 78 V, which is large enough to make
the Ck generation rate by ion bombardment to be compa-
rable with the rate of Cfsticking. As a result the axial GF
density profile is nearly flat at the surface. With a further
increase of the substrate bias, Qfeneration rate exceeds its
sticking loss, and so the surface acts as a net source far CF
The CEk, density then increases from the plasma region to the
surface. The slope of the axial €ensity increases with
bias due to the increasing ¢kield by ion bombardment.

The model results were validated by comparing to the
experimental data of Bootkt al®> To compare to Booth’s
transient experiments, we performed simulations at 100 W rf
bias until the plasma reached a steady state. The source
power was then turned off and the simulation was continued
for several ms. Simulated and experimental @kial densi-
ties at 100 W and after power was turned off are shown in

loss and generation at the surface are unchanged. The second

effect of varying bias is the change in plasma sheath voltages
at surfaces. At 13.56 MHz, the time averaged sheath voltage
drop increases with increasing bias amplitude, thereby in-
creasing the incident ion energies. Since sputter yields in-
crease with energy, thereby increasing,Qffoduction, the
spatial distribution of Ck can be a function of bias.

The sheath voltage drops as a function of substrate bias on
both the powered and grounded electrode at a radius of 3.5
cm (Fig. 4). Due to the unequal areas of the grounded elec-

CF2 Density (1012 cm3)
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Fic. 4. Time averaged sheath voltage drop as a function of the substrate bias

at the powered and grounded surfaces. The sheath at the grounded electrddle. 5. Axial CF, densities afa) 100 W rf power andb) after the power is
remains sufficiently low that the surface always appears to be a sink foturned off. The solid lines are simulation results and the dashed lines are

(b)

Distance from Powered Electrode (cm)

CF,. experimental results from Boofsee Ref. b
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CF2 [100 = 1.4 x 1012 ¢cm~3] 30 mTorr 100 = 1.6 x 1015 ¢m3s1, 30 mTorr
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Fic. 6. CF, density at(a) 30, (b) 50, (c) 70 mTorr. All cases are at 250 V  FiG. 7. CF, source functions &f) 30, (b) 50, (¢) 70 mTorr. The conditions
bias and 30 sccm. The labels on the contour lines denote the percentage @ the same as for Fig. 6. Increasing pressure shifts the maximum in the
the value shown at the top of each figure. Increasing pressure localizegource to larger radius.

sources closer to the power electrode.

strength of the source is indicated by the slope of the density

Fig. 5. When the power is on, GFlensities decrease from at the surface. At 30 mTorr, the slope is the steepest, becom-
the powered lower electrode to the grounded upper electrodag shallower with increasing pressure.
for both simulation and experiments, indicating a source of Pressure can impact the plasma floating potential through
CF, at the powered electrode and a sink at the groundethe electron temperature. Lower pressures imply higher elec-
electrode. When the power is turned off, the initially pow- tron temperatures and larger floating potentials. Since the
ered electrode transitions into a £§ink, and so Cfdensi-  floating potential is small compared with the applied bias
ties decrease at the lower electrode as well as at the upp&50 V), and since the sheath is largely noncollisional at
electrode. The simulation reproduced the experimentathese pressures, the majority of the plasma sheath potential
trends. comes from the bias. The influence of pressure on the inci-

Gas pressure is an important process parameter due to ient ion energy is therefore weak. The ratio of ion to neutral
direct effect on the source neutral density, and its influencéluxes to the surface, however, can change significantly with
on plasma transports and species densities. We simulatgulessure. For example, after being normalized to the value at
discharges at 30, 50, and 70 mTorr while keeping other pa30 mTorr, the ratios of ion to neutral fluxes at different pres-
rameters the same as those in the base case. The resultsigres are shown in Fig.(®. The ratio decreases with in-
CF, densities and CFsource functions are shown in Figs. 6 creasing pressure which means the, @€neration by ion
and 7, respectively. The peak Clensity increases with bombardment decreases with increasing pressure relative to
pressure due to both a larger and more confined source andC#, sticking. Therefore the surface progressively appears as
lower rate of diffusion. At high pressur€0 mTorp, the  a sink, as indicated by the slopes in Figh3
peak CFk source occurs at a larger radius due to electric field CF, generation comes from ion sputtering and ion disso-
enhancement and localized power deposition. As the pregiation, and so the probabilities of these processes determine
sure decreases, the electron energy relaxation length itkhe strength of the GFsource. lon sputtering of GE unlike
creases, and diffusion rates increase, resulting in the pea&n dissociation, also depends on the polymer coverage.
CF, area expanding to the reactor center. At all pressures théhus far, we usedyy=0.45 for ion dissociation ang,
CF, densities are maximum at the surface of the powered=0.4 for ion sputtering[The final reaction probability is
electrode, implying a net GFsource there resulting from the obtained from Eq(3). For both processel,=150€eV and
high bias of 250 V. Axial Ck densities at a radius of 3.5 cm E,;,=5eV were used.The polymer coverage for the base
for 30, 50, and 70 mTorr are shown in Figa8 The pow- case is close to unity at0.9. So the relative contributions of
ered electrode is a net source of Ch all cases. The ion sputtering and ion dissociation to Clgeneration are
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Fic. 8. CF, properties as a function of pressufa). Axial CF, densities at b lon Dissociation Probability
r=3.5cm for 30, 50, and 70 mTortb) The ratio of ion flux to Ck density, (b)

and the slope of the GRlensity at the powered electroderof 3.5 cm as a . . . . - . .
function of pressure. The values of the ratios of ion flux tg @Ensity are Fic. 9. CF, properties as a function of ion dissociation probability.Axial

normalized to that at 30 mTorr. The increase in pressure reduces the ion qu§F2 densﬂyta;t(;=:f,|;5 cmzé(())rvdgerent |:j)n3(()j|ssom?trl]oncpro(;)abll_lttlesizAll
relative to the neutral flux, and as a result weakens the net source,0faSF cases are a m or, . 'a.s’ an_ ) solon. .GT‘ R, density a
indicated by the reduction in slope. =3 cm as a function of the ion dissociation probability at the surface. In-

creasing the ion dissociation probability increases the net source of CF

estimated to be=0.36:0.45 or 4:5. Given the fact that some
surface reaction probabilities change with process conditions

(e.9., Ck sticking coefficients being a function of surface 5nq 5o the CRdensity increases from the plasma region to
temperatur8, and considering the uncertainty in selecting ihe surface. At the grounded electrode, the, Gficking al-
coefficients for the model, it is valuable to investigate theways dominates as there is little effect by ion-surface reac-
sensitivity of the simulation to the selection of coefficients.tions The CF density therefore decreases towards the sur-
Axial CF densities at a radius of 3.5 cm for differqpgfor 506 i 5l cases, Sticking coefficients @£0.1 are typically

Lﬁz dE;Z?;ﬁ'%?eggijgo;;na'?uigi(é%p;fhig Clgzttgzni?\lt)l;iat required for surfaces to be net sources for these biases. The
P P 9. F, densities as a function of sticking coefficients at the

9(b). Other parameters are the same as in the base case. For . . .
small dissociation probabilitie§0.1,0.3, the powered sur- powered surfaceheight=3.0 cm and in the bulk region

face acts as a sink for GF CF, sources are dominated by (height=3.8 cm are shown in Fig. 1(). The density drops

sputtering, which is insufficient to produce a net Source_W|th increasing sticking coefficient at both locations. The

When the dissociation probability is large enough, the pow-fjenSity at the surfgce drop; more rapidly due to the proxim-
ered surface becomes a LRBource. However, on the 1Y Of CF; consuming reactions. _
grounded side, since the Egeneration by ion bombardment ~ 1he production of Ckis sensitive to botip,, the ion
is negligible in all cases, the ion dissociation probability hasdissociation probability, and, the CF, sticking coefficient.
little influence on the slope of the GRlensity at that elec- The combined effects b, and a on the slope of the GF
trode. density approaching the surface were investigated statisti-
The sensitivity of the model to the effective CBticking ~ cally using a design of experiment method, implemented in
coefficient,a, was also investigated. The axial Clensities the commercial softwarescHIP.* The results are shown in
at a radius of 3.5 cm are shown in Fig.(&0for CF, sticking ~ Fig. 10c). The slopegS) are labeled on the response lines
coefficients from 0.05 to 0.6the base case value is D.1 With a unit of 16?cm™“. The S=0.0 line defines the bound-
Large sticking coefficientéa=0.2) result in a net Ckloss at ~ ary between the source and sink regions, withOSndicat-
the surface, so the GFdensity decreases with increasing ing a source and-80 a sink. S is more sensitive tothan to
sticking coefficient at both powered and grounded elec{q, since the neutral flux is larger than the ion flux at the
trodes. As the sticking coefficient drops ¢6=0.1, the CE  surface. The general trend is that increagiggand decreas-
generation rate exceeds the loss rate at the powered surfaieg « produce a surface source of CF
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density profiles near the surface at different pressures. The
sensitivities of the model on rate coefficients were analyzed.
Large ion dissociation probabilities and small Csticking
coefficients produce a GFsource at the surface.
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