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Charging and trapping of macroparticles in near-electrode regions
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Charging and trapping of macroparticles in the near-electrode region of fluorocarbon etching
plasmas with negative ions is considered. The equilibrium charge and forces on particles are
computed as a function of the local position in the plasma presheath and sheath. The ionic
composition of the plasma corresponds to the etching experiments in 2.45 GHz surface-wave
sustained and 13.56 MHz inductively couplegFgtAr plasmas. It is shown that despite negligible
negative ion currents collected by the particles, the negative fluorine ions affect the charging and
trapping of particulates through modification of the sheath/presheath structurB00®American
Institute of Physics.[DOI: 10.1063/1.1375149

I. INTRODUCTION which are created as a result of the gas-phase
_ o polymerizatiori or release of the underlying substrate or de-
Modern technologies for fabrication of the new genera-posited film material into the plasniahe size of particles is
tion ultra-large-scale integrated circuits require high selectivtypically in a micron range, and any sizes from hundreds of
ity and rate of the etching process. The etching parametefiganometers to tens of microns have been reported s&far.
and quality strongly depend on the feedstock gas composirhys, the fallout of such particles onto a wafer with a ri
tion and the kind of gas discharge usetideed, the domi- gesign rule can produce unrecoverable defects. Hence, the
nating power and particle transport mechanisms in a disproplem of trapping and removal of macroparticles from the
pharge control the chemistry of act|ye species. In partlcularprocessing volume becomes crud@dihe key parameter that
It r:jas b(faen recently reve_alegvt\rat |r|1duct|vely cgupﬂl@(ﬁja). controls the particle trapping process is the electrical charge,
and surface wave sustaind@W3 plasmas proauced N pich jg usually negative due to efficient collection of highly
CiFg+Ar gas mixtures have an outstanding potential formobile plasma electrons. The equilibrium charge on a par-

ultra-fine and gughly selective etching of large-area poly-;o i getermined by a balance between positive and nega-
silicon wafers>® Physically, it appears possible to achieve . : . 11
tive microscopic current¥

high dissociation rates of the feedstock gas and densities Furthermore, it has recently been demonstrated that in

108 am-3 i —~ -
(~10%cm™) of neutral radicals at low~20 mTor) pres the bulk of GFg+Ar inductively coupled and surface wave

sures. ) o . S
Ssustalned plasmas positive fluorocarbon ions can signifi-

However, fluorine atoms and other fluorocarbon radical tv affect th ticle charai d ch |
relatively easily become negatively charged, in particular,c"’?n y aftec e3§e Imaﬁropar_lcle ¢ arglng_dan r? arfgfe re ?X'
due to electron attachment. Recent data on laser photod(é—’.fIlon processes. In this article, we consider the efiect o

tachment measurements in high-densityFG Ar plasmas negative ions on particulate charging and trapping in the
suggest that under certain conditions negative ions can cof€ar-electrode region of fluorocarbon plasmas. We assume
stitute a substantial proportion among other dischargdh@t the charge proportion on negatively charged dusts is
specied Negative ions modify the power and particle trans-1ow, and the partlculgtes do not affect the structure of the
port, and the potential distribution in the discharge. FurtherSheath/presheath region. . .
more, in pulsed discharges, negative ions can directly partici- ~On the other hand, we investigate how a substantial pro-
pate in the substrate etching process. portion of negative fluorine ions affects the structure and
Negative charge can also be carried by macroparticleglectron/ion number density distribution in the near-electrode
region. The effect of the sheath composition and structure on
dAlso at Department of Electrical and Electronic Engineering, Namyangthe average dust charge is alsq studied taking I_n_to account
Technological  University, 639798, Singapore. Electronic mail: the depen_dence Of Fhe electron/ion numt_)t_-:-r de_nsmes and hy-
ekostrikov@ntu.edu.sg and Kostya.Ostrikov@flinders.edu.au drodynamic velocities on a local position in the near-

1070-664X/2001/8(7)/3490/8/$18.00 3490 © 2001 American Institute of Physics
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electrode region. It is demonstrated that the effect of negativers. The positive ion number densities satisfye+ > ncer
ions is most feasible in the electronegative presheath, where | .\ boreac that of other ions. such a§FS: x>12

the particulate charge appears to be lower than in negative-, CF3'd = b hi ' ' '
ion-free plasmas. It is also revealed that the dynamics of th&x » @nd F, ﬁpplearktof e_mulc owerl. d 4
particulates in the near-electrode area of high-density DPu€ to the lack of simultaneously measured data on
C,Fs+Ar plasmas is mainly controlled by a competition be- positive ar_1d negative ionic composition in e_Iectronegatl_ve
tween the electrostatic force and the positive ion drag force4Fs™Ar discharges, we assume that proportion of negative
the latter including contributions from Ar CF*, CF}, and ions varies within 15% and 45% from the total number den-

CF! ions. It appears possible to trap 0.3 andu@ sized sity of negative charge, which falls within the typical values
N . .

particles at the position, fairly corresponding to the sheatﬁ)f the combined charge carried by negative i6.
edge.

The article is organized as follows. In Sec. Il, the prob-
lem is formulated and the basic assumptions are given. Thgl. MODEL OF THE NEAR-WALL REGION
model of the near-wall region of £g+Ar plasmas with
negative ions is formulated and the spatial profiles of the Due to overwhelming complexity of gas-phase reactions
electron/ion number density are computed in Sec. Ill. Secand large number of elementary processes in the fluorocar-
tion IV is devoted to calculation of the equilibrium charge on bon plasmas with negative ions, the fully self-consisted de-
the particles as a function of local position with respect to theScription of the near-electrode region seems rather compli-
electrode. In Sec. V, the forces acting on the particles in théated and some simpler model is to be used instead. We
plasma bulk, and the sheath/presheath regions are computé@?a” that in conventional sheath models the equilibrium po-
The key effects of negative ions on particulate charging andential profile is derived from the set of particle balance

trapping in fluorocarbon plasmas are highlighted in Sec. VI€duations for. ionic spegies 'and Poisson’s equdﬁdﬂere,
The results are briefly summarized in Sec. VIL. we do not aim at considering power and particle balance

processes in the discharge and need to make a realistic
choice of the near-wall potentid(x), and then compute the
density profiles within the sheath/presheath, consistent with
Poisson’s equation

In our model, the one-dimensional configuration, with an 2
electrode placed at=0, is adopted. The plasma occupies d"¢(x) _

’ : 7— =4me[Ne(X) + Ne-(X) = Npr+ (X) = Nepr (X)

the regionx>0. The structure is assumed infinite in thand dx
z directions. The width of the near-electrode region, which is
normally referred to as a combined thickness of the sheath
and presheath, ig,s. The regionx>xs (plasma bulkis  \here we have assumed the electrons and negative ions to be
occupied by the uniform plasma. However, within the regiongpjtzmann distributed,
X<Xps, all variables are functions of distaneefrom the
electrode. Ne(X) =No(1—ap-)exded(x)/Te], 2

It is assumed that the plasma is composed of electrons,
positive Ar", CF", CF,, and CE, as well as negative F Ne-(X) = Noar— exf ed(X)/Te-], @
ions, which is representative of experiments on highly selecande is the electron chargd,, and T are the temperatures
tive poly-silicon etching in gas mixtures of octafluorocy- of electrons and negative fluorine ions. Here,
clobutane ¢—C,Fg) and argort:>*~1®The overall charge
neutrality No= ne(xps) + nF*(Xps)

Il. FORMULATION

_nCFZ*(X)—HCFg(X)], 1)

Ne+Ne-+ nd|Zd| =Npr++Nepr + nc,:2+ + nc,:; = nAr+(Xps) + nCF+(Xps) + nCF;(Xps) + nCF;((Xps)

holds in a plasma bulk. Herey;, is a number density of the is the combined number density of negative or positive
plasma specie§ =e, F~, d, Ar, CF', CF;, and CF), and  plasma species in the plasma bulk=(x,J, and ag-

Zy is the average charge on a particulate. However, we as=ng-(Xpg)/Nng.

sume that the charge number density of negative dusts is The overall charge neutrality in the plasma bulk and Eq.
low, so thatng|Z4|<n.+ng-. Hence, the particulates do not (1) dictate thad2¢(xps)/dx2=0. Furthermore, assuming the
affect the structure of the plasma either in the bulk or neaplasma potential and electric field vanish in the plasma bulk,
the electrode. The specific plasma parameters and propare havede(x,9)/dx=0 and ¢(x,s) =0, respectively. The
tions of positive ions have been taken as typical values fronsheath potential, which satisfies all the above requirements
the experiments on SiOwafer etching in 2.45 GHz SWS and produces almost linear dependence of the electrostatic
and 13.56 MHz IC plasmas at low pressutda.particular,  field on the local positiorx, is depicted in Fig. 1, where

in 90% Ar and 10% GFg gas mixture at 20 mTorr, propor- ¢.=¢(0)=—5 V. Similar potential distributions have been
tion of argon ions varies from 55% in the surface wave plastecently reported in the experiments on the effect of micron-
mas sustained with-400 W to about 90% in the ICP~1.5  size dusts on sheath structure of the low-pressure hot fila-
kw).2 Both plasmas feature dominant GFCF;, and CE  ment dischargé® We have further assumed that the relative
fluorocarbon ion radicals in a wide range of RF input pow-proportions of fluorocarbon positive iongcg+ Lo ek
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TABLE |. The main plasma and particulate parameters in the computation.
Parameter Notation Value
> M Electron temperature Te 2.0eV
= Particulate size a 0.3, 2.0um
b= 2 Particulate mass density o 1.5 g/ent
g Plasma bulk density No 4x 10" em3
o lon mass (AF) Ma+ 1836x 40X m,
% s lon mass (F) me- 1836x 19X m,
o ~ lon mass (CF) Meg+ 1836x 31X m,
7 lon mass (CE) Mer; 1836x 50X m,
o lon mass (CF) Mee; 1836x 69X m,
lon temperaturéall ions) Ta) 0.067 eV
Temperature of neutrals n 0.026 eV
. Electrode potential bo -5.0V
o0 ) o2 ) o4 ) o6 ) o8 ) 1o lon proportion (AF) apt 0.55-0.95
lon proportion (F) - 0.15-0.45
X%, lon proportion (CF) acer (1—ap+)X0.5
lon proportion (CE) Qcer (1—ap+)X0.3
FIG. 1. Model potential profile in the near-electrode region. lon proportion (CE) acé (1— ap+)X0.2

do not vary withx, so the temperatures of the plasma par-
ticles do not, whereyj)=n;)(Xps)/Ng, andj stands for any
of the positive ionic species.

We now turn to description of ion motion in the near-
electrode region. It should be noted that in the experiments
of our interest the plasma sheath is RF-driven, and the key
parameter to be taken into account is the ratio of the ion
sheath traverse timeg, to the period of the RF field gg.
Here, we consider the case wh&pe<rg, and, hence, the
ions respond to the time-averagéaler the time scalesy,
~t>Tgp electric field®

The positive ion fluid velocities ;)¢ satisfy the follow-
ing momentum equation,

do s e d¢(»)
Vi gy +V(j)nU(j)f___m(j) dx

(4)

wherevy,=Nno(jyhvj) is the rate of the ion-neutral colli-
sions, N, is the density of neutrals,v=[v s
+8T(j)/mm;)]1*% andmj, and T;, are the ion mass and
temperature, respectively. We note that the ion-neutral colli-
sion cross-sectionj), is a function of the ion velocity, the
latter varying in the sheath/presheath region. &gy,, we
have

0.06 2

In

6X1§Ja;) -

T Ui lO’“cmz = = —
il =% V()
which accurately approximates the cross section for reso-
nance charge exchange for argon, and yields an error less
than 50% for a number of another ionic spe&%w,heree(j)
is the ion energy in electron-volts.

The parameters of the plasma and macroparticles used in
the computation are summarized in Table I. Using the data of
Table I, and Eqs(1)—(5), the profiles of the number densities
of all plasma species have been computés. 2 and 3

0.44

0.04 T

X/ x
P

S

Figure 2 displays how distribution of the electron/ion num-FIG. 2. Profiles of nondimensionéhormalized om,) number densities of
ber densities in the near-electrode region varies with argofharged species fatg-=0.25 anday+=0.55 (@), 0.7 (b), and 0.95(c),

contentay,+. Figure Za), with lower (aa+=0.55) argon

respectively. Other parameters are given in Table I. Curves 1-7 correspond
to 3(;+)N+ . Ne, Ar, F-, CF', CF;, and CH, respectively. In dia-

ion content, corresponds to the low-power surface wave SUSjram (c), number densities of CF CF;, and CF are multiplied by a

tained plasmas, while Fig.(® (aa+=0.95) stands for

factor of 10.
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10 the sheath structure. In region I, ions are further accelerated,
(a) 1 2 whereas the effect of negative ions to the sheath structure is

081 already negligible. In the near-wall region IIl, the electron

064 and ion densities diminish, the latter remains higher sustain-

ing the electrostatic field in the sheath. Our approximate
0.4 model thus reflects basic features of plasma sheaths in elec-
tronegative gases.

IV. PARTICULATE CHARGING

The value of the average particulate charge is deter-
mined by the dynamic charging equation

dag
W—z(jj'(j*)(%,X)+E(j+)|(j+)(%,X), (6)

where qq=—|Z4le is a negative dust charge, and
20+ -nti+.-)(dg.x) are the combined microscopic cur-
rents of positive and negative plasma species, and

2915 X)=1e(Ag,X) + 1e-(dg,X),
29+ (AgX) =1 ar+) (g, X) + 1 e+ (g, X)

+lce; (e, X) +1cep (e,

and we notice that the grain currents are the functions of the
local position with respect to the electrode.

The microscopic currents onto the dust grain in the orbit
motion limited (OML) approximation aré"?*

le(dg,X) = — mae(8Te/ mMe) "ne(x) exr e5¢y(X)/Tel,
)

le-(qg,X) = — maeve-(X)Ne-(X)exg edpg(X)/ Te-1,  (8)
FIG. 3. Same as in Fig. 1 fak,,+=0.65 andag-=0.15(a), 0.3 (b), and

0.45(c), respectively. and
a2
|(j+)(Qd ,X)— Ta ev(j+)(X)n(j+)(X)

X/ Xx
ps

higher-power inductively coupled pIasm%tEigu@ 3 ref_Iects _ ><[1—Ze5¢d/m<j+)(v<j+)(X))2], (9)

the change in the sheath/presheath composition with vana—h B i th ol

tion of the number density of negative fluorine atoms. InWhere déq=—e|Z4/a is the potential drop between a

particular, from Fig. &) one can see that if the number _spherlcal macroparticle with an average raditend the ad-

density of negative ions is large enough, the electron densitf2cent plasma. B _ _

can be depleted and become less than that for positive argon N the equilibrium state dyo=const), the microscopic

ions. currents of positive and negative plasma particles balance
From Figs. 2 and 3 we see that the number density ofch other, so that

.negati\./e. iong dramatically decreases toward®.6x,s, and E(J-—)l (i-)(Gdo.X) +E<i*)' (+)(ddo,X) =0,

is negligible in the area closer to the electrode. Furthermor

the computation suggests that all ion velocitigg , being

equal to the ion thermal velocityr = V8T ;) /mmy;) in the
plasma bulk, become equal to the ion-acoustic velocity —BetBg-—Bar+—Bcrr—Bcry ~Berr =0, (10
Vg(j)= VTe/m(j) within the area 0.2 x/xps<0.3. Thus, it
sounds reasonable to tentatively call the area<@u,;<1
as the electronegative region, or the presheath with negative B.= S.(X)exd —0O(x)],

ions (region ), X;<x/X,s<0.6 as the electropositive region, _ 12

or the presheath without negative iofiegion Il), and O Be-= (& p-) "0 (X)exd — O (x)/ 7¢-],
<xIxps<Xs as a sheath itseffegion Ill). The uncertainty in  and
the sheath edge locatioxy falls within the limits 0.2 _ 112
<xs<0.3X,s. The exact location of the sheath edge can be By =[&G)/m+)]703) (0L + O/ &+ ]
obtained by applying the _Bohm sh(_agth _criterion for multi-where 5;)(x) =n;)(x)/ng, g(j)=g§(21)(x)/2+ TGy T()
component plasm&. In region |, positive ions are acceler- =Ti/Te, Lp=vi)lvsgy: MG=mgy/Me, 0=e?|Z4|/
ated towards the electrode, and negative ions contribute taT,, andg = =/4.

e . . — . .
Which, after normalization, yields the following transcenden-
tal equation for the equilibrium dust chardgg

where
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dependencé y,(x) features distinctive minimum in the elec-
tronegative region, which reflects the dust charge depletion
16001 caused by negative ions. If the proportion of negative ions is
1500 low (curve 1, Fig. %, the dust charge is almost independent
on local position within 0.5,s<X. In the region 0.1%,¢
<x<0.5x,s the charge rises, which is a consequence of in-
18001 creasing electron/ion currents onto the grain. Physically, di-
1200 ! minishing of the potential lowers the potential barrier for the
plasma electrons, which can be more easily collected by the
particulates. Meanwhile, strong electron/ion density deple-
115007 tion within the sheath results in declining of microscopic
= 110007 (b) fluxes on dusts and, hence, |&;|. Simulations of dust levi-
108007 tation in argon plasma sheaths report similar trends in depen-
100007 dencezy(x).%®
95001 From Fig. 4 one can see that an increase of the argon
80007 proportion augments the dust charge in both electronegative
and electropositive regions. However, in the sheath regjon
3 2 appears to be almost insensitive d¢q,+ . Furthermore, the
particulate charge is lower when the number density of nega-
tive fluorine atoms in the electronegative region is higher
x/ X (Fig. 5. Above all, variation ofé.- (essentially in region)l
appears to affect the particulate charge in the sheatfion
FIG. 4. Profiles of the equilibrium chargg(x) on 0.3(a) and 2um (b) |||), Physically, negative ions affect formation of ion flows

pgrtlcglates in the near-electrode region dgr =0.25. Other parameters are originating in the electronegative region and, hence, the
given in Table I. Curves 1-3 corresponddg,+=0.9 (a), 0.7 (b), and 0.55 . L
grain currents within the sheath.

(c), respectively.

17004

—
o
~

1400+

1100

units of e

4

85004
8000
7500

0. 0.2 0.4 06 0.8 1.0

(=

Equations(10), (4), (5), and (1), have been solved nu- V- FORCES ACTING ON PARTICULATES

merically to yield thg spa_tial profiles of the equilibrium par- Knowledge of the ion velocity and dust charge distribu-
ticulate charge depicted in Figs. 4 and 5, for 0.3 andn2 i, ajlows one to compute the forces acting on particulates.
macroparticles, respectively. The latter include the gravity, electrostatic, and ion drag

Figures 4 and 5 reveal that the particulate charge has Rrceds
tendency to grow in the near-wall region, and starts to de- B .
cline after reaching maximum at~0.12,. Likewise, the Fiot(X)=—Fg+|Fe(X)|+FJ (x)—FY (%), (11)

whereFy=myg, Fe(X)=0dq(X)E(x), andmy=(4m/3)a’py

1760 and py are the particulate mass and mass density, respec-
o0 @) tively. The ion drag force involves the collection force origi-
nating from collection of plasma particles by the dusts

15001 FJ.i(x) and the orbit force due to momentum exchange in
14001 the course of Coulomb collisions{)),{x). Note that the
1300+ positive and negative ion drag forces have different direc-
1200- 1 tions with respect to the electric force. In the OML approxi-

Qo] 2 mation, we havé?*

o

IO i+,
L2 ™ ' ' ' ' ' Ficon (00 =a[bd " 100 12mgyn (X)v ) (X)v ) e(x),
S  11s00]
-~ 110004

N° 10500 () where
100004 - 9
6500 b (x)=a[1+2T® (x)/m+ v+ 1"
2222 is the collection impact parameter for positive ionic species
8000 1 (Ar*, CFJr, CFZF, and CF—;), and
75004 2 —
7000 3 b )(x)=aexq —2TO(x)/me-vZ (x)]*2
6500 T T T T T

00 02 0.4 06 08 1.0 is that for the negative fluorine ions.
X / X o The orbit component of the ion drag force is
. NG (X)v )1(X)
FIG. 5. Same as in Fig. 4 fat,+=0.65. Curves 1-3 correspond g ngr?orb(x)=477e4|zd(x)|2/\ %, (13
=0.15(a), 0.3(b), and 0.45(c), respectively. m(J)U(j)(X)
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FIG. 6. Forces acting on 0.8m particulates in the entire near-electrode o
region (a) and in the electronegative plasma byl for a-=0.25 and FIG. 7. Same as in Fig. 6 farg-=0.45 anda,,+=0.65.

ap+=0.55. Curves 1-5 correspond B, F§ ), Fe, F§ ), andF,
respectively. Other parameters are given in Table I.
tive ion drag force at positions<0.35,. Inside the sheath
(region 3 the force on a particle is essentially electrostatic
whereA is the Coulomb logarithm. We note that the forcesand pushes it outwards. Indeed, the electric field becomes
acting on particulates depend on the local position, and sétrong (in our example it is~200 V/cm in the electrode
does the dust charge. This implies thag| varies instanta- proximity), while the ion drag force diminishes further. At
neously withx, or, in other words, the dust charge relaxationthe equilibrium(particle trapping positioh X=X, the elec-
processé¥'!! are neglected. trostatic and negative ion drag forces balance the positive ion
The profiles of the forces acting on 0.3 anguéh par-  drag force and gravity
ticulates are depicted in Figs. 6—8. Diagraf@sstand for the
entire near-electrode region<k<x,s, while (b) stands for
the electronegative one 082<x. Figures 6 and 7 corre- 350
spond to modest proportions of argon idias, +=0.55 and e (@)
0.65, respectively which is the case of the SWS,kg+Ar
discharg€. In Fig. 8, proportion of argon ions is elevated
(aa+=0.75), which is the case in the ICP discharges with
RF powers~1200-1400 W It is seen that in nearly the
whole electronegative and electropositive presheaths the

n

F,x 107 dyne

. -, . -200 1
macroparticles are pushed by the positive ion drag force to- 250
wards the electrode without any serious counteraction by porE
other forces. In the electronegative regidty, ™) (x) in- as 02 04 06 08 10
creases, reaches maximum in region Ikat0.5x,s and de- 3.0
clines towards the electrode thereafter. We notice that the @ 3¢ 2 (b)
flex point in the ion drag force corresponds to the area of S 15
significant depletion of the positive ion number density ;c éﬁg' 5
(Figs. 2 and 3 We further infer that the resulting force on $_> gg 3 £
particulatesF; is negative(directed towards the electrode 5 1.0
in the entire regiork,<x and reverses at~ X, wherexy, w ;S 1
~0.25 in Figs. 6 and 7, and,~0.18, in Fig. 8. It is gg
also seen from Figs. 6—8 that the force of gravity makes 35 . . . . . .
noticeable contribution only in the plasma bultiagrams 083 084 085 0% 067 0% 08 1.0
(b)]. X/ X,

The electrostatic force, negligible in the plasma bulk
[curve 2, diagram(b)], becomes comparable with the posi- FIG. 8. Same as in Fig. 6 for 2m particles,ar-=0.25 andaa+=0.75.
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o]+ ngrf)(Xe(’): ng:)(xeq)—'_ Fy. plasma bulk only.' Within the regior<0.9, the cpmpetition
between the positive ion drag and electrostatic forces con-
and the total force on the particulate vanishes. From Figs. §ols the particulate dynamics. The ion drag force peaks at
and 7 we note that the particle trapping positionxig,  x~0.45,s, which reflects the dynamic balance between the
~0.25s. As evidenced by Fig. 8, the equilibrium position counteracting effects of positive ion acceleration towards the
of the larger(2 um) particle appears to be closer to the electrode and depletion of their number density in regions Il
electrode ¢4~ 0.18 ). We note that this is consistent with and 111.
the experimental results on dust void formatf6rOne can In the above, it has been remarked that the accuracy of
thus presume that the effect of positive ion drag force isdescription of the ion dynamics depends on the relation be-
stronger for larger particles. It is worthwhile to mention thattween the ion sheath traverse time and the RF frequency. For

in the near electrode regions of low-density 10°cm™®)  the parameters of Figs. 6 and 7, the argon ion sheath traverse
hot cathode discharges the effect of the ion drag force ofa is T§£+~3_32>< 1077, which is much larger than the

micron size dust grains is negligibte. period of the conventional 13.56 RF fielkz. The sheath
traverse time for other ions turns out to be somehow larger.
V1. DISCUSSION Hence, in our model the ions indeed respond to the time-

averaged field and Ed4) is correct. However, should the

We now discuss the main features and implications okheath be driven by lower-frequency~500 kH2 RF
micron- and submicron-size particulate charging and trapfields?’ the inequality 7¢,<Tge can eventually become in-
ping in the near-electrode area of the fluorocarbon plasmaorrect.
with negative ions. We emphasize that due to the negative |t is remarkable that there is controversy in the knowl-
dust potential, the collection impact parameter, and hence thedge of the ion/radical composition of electronegative fluo-
microscopic grain current of negative fluorine atoms, appeafocarbon plasmas and the available to date experimental data
to be small. Hence, the major effect of negative ions on there far from being complete. Furthermore, the overwhelming
equilibrium particulate charge is associated with the electroromplexity of fluorocarbon chemistry does not allow us to
density depletion in the electronegative regidifFigs. 2 and  specify the exact composition of active species. For this rea-
3). Indeed, in the plasma bulk/electronegative pre-shé&ath, son, it has been assumed that negative ions in the model
is 10%-30% lower than in the absence of fluorine ifffigs.  fluorocarbon discharge are solely represented by negative
4 and 5. fluorine ions.

Itis instructive to note that due to repulsion by the nega-  Recent electron photodetachment measurements evi-
tive sheath potential, fluorine ions do not affect the structurelence that in GFg+Ar gas mixtures the integral number
of the sheath(region Ill). In our exampleng- sharply de-  density of fluorine negative ions can be comparable with the
clines in the vicinity ofx~0.6x,s (Figs. 2 and B Mean-  electron density.We believe that the experiments and self-
while, in the region 0.2 x/x,s<0.6, where the number den- consistent modeling of the composition of fluorocarbon plas-
sity of negative ions is negligible, dust charge raisesmas should be continued to provide reliable dataog@n.
dramatically(Figs. 4 and % Indeed, assuming that the elec-  Our simulation of the near-electrode region, although
tron grain current is quasi-continuous at the edge betweebased on the preset functiak(x), can be regarded as a first
the electronegative and electropositive regiors-0.6x,s),  successful step towards modeling of particulate charging
from Eq.(10) it follows thatZ increases. Further rise in the processes in sheath/presheath regions of electronegative
particulate charge can be attributed to the enhancement glases. Further models should include balance of electrons,
the electron/ion grain currents in the spatially varyingpositive/negative ions, and radicals in a discharge, ion/
potential®® radical residence time, neutral drag force, as well as self-

Likewise, negative ions are not expected to affect theconsistent equations for the sheath/presheath potential distri-
particulate trapping in region Ill. However, as Fig. 5 sug- bution.
gests, the dust charge within a sheath is a function of fluorine
ion number density in the plasma bylk. Physm::;tlly, tf_us ca’r,\/“_ CONCLUSION
be regarded as an example of action of the “pre-history
effects associated with formation and acceleration of ion  The charging and trapping of micron- and submicron-
flows in the electronegative presheath region. size particulates in the near-electrode regions of RF dis-

The grain size appears to be a factor in determining theharge in GFg+Ar gas mixtures has been considered. The
equilibrium position of the particulates in the near-electrodemodel near-electrode region comprises electronegative and
region. In particular, we have shown that the trapping poinelectropositive presheath regions as well as the sheath itself.
of 2 um sized particles is closer to the electrode than that forhe composition of ionic species in the present study is rep-
0.3 um dusts. Hence, extra care should be taken to prevemesentative to quadruple mass spectrometry experiments in
the fallout of bigger particles onto the electrode. low-pressure RF inductively coupled and microwave

Meanwhile, it becomes apparent that in high-densitysurface-wave sustained plasmas of 10943 90% Ar gas
fluorocarbon plasmas the negative ion drag force is weaknixtures®
and so is the gravity. Furthermore, the orbit component It is shown that the equilibrium particulate charge in the
dominates in the positive ion drag force. The gravity effectselectronegative region is lower than would be in negative-ion
for both 0.3 and Zum particles appear to be important in the free plasmas, and increases towards the electrode. Near the
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