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Absolute cross sections have been measured for reactants typically found in carbon tetrafluogide (CF
discharges for collision energies below a few hundred electron volts. The reactions investigated include
collision-induced dissociation and dissociative electron transfer reactions for@d F colliding with CF,,
and collisional electron detachment for [olliding with CF,. Also presented are measurements of energies
and relative intensities of ions generated in dc Townseng d$charges wittE/N values ranging from 4
X107 Vm? to 25x10 ¥ Vv m? [4 to 25 kTd. lon energy and ion intensity data for the Townsend dis-
charges are analyzed in light of the measured cross secf®h863-651X99)05212-5

PACS numbegs): 52.20.Hv, 52.80.Dy, 34.56.s

. INTRODUCTION charges containing GF The reactions investigated here in-
clude dissociative charge transfer collisions of &d CFE
Quantitative knowledge of ion-molecule reactions is eswith CF,, collision-induced dissociation for GFcolliding
sential for understanding the production and transport of iongjith CF,, and collisional electron detachment for Eollid-
in many electrical discharges. Recent repptfisand articles  jng with CF,. Cross sections have been determined for rela-
[2] have strongly indicated the need for data on ion-moleculgjve collision energies ranging from 20 to about 400 eV for
reactions for species related to the gases used in the senti+ and CE and from 2 to 80 eV for F.
conductor industry. This need is driven primarily because of | the second portion of this paper we present measure-

the essential role that ion bombardment plays in varioUgnents of relative intensities and energies of ions generated in
etchl_ng and deposition processes, and the desire to develgpy: Townsend discharge in CFThis simple discharge was
predlctlve models for th.esg.processes_. lon-molecule reagnhosen for study because in many ways it emulates the
tions may also play a significant role in newly developedspeaih region of more complex discharges, and it lends itself
techniques for the_destructlo_n of waste gases from plasmg modeling efforts[7]. Measurements were made for dis-
reactors, and detailed modeling of these methods may Prosarges with electric field-to-gas density ratB&N ranging
duce more efficient procedures. _ _ from 4x 10 ¥ to 25x 10718 V m? [4 to 25 kTd, which are

The majority of ion-molecule data found in the literature comparable to those found in the sheaths of some plasma

were derived from atmospheric oriented research. Few da‘ﬁrocessing discharges. The cross sections presented in the

are available for plasma processing gases. Carbon tetraflugrs; part of the paper are used to provide an interpretation of
ride (CF,), for example, is one of the most commonly Usediye primary features of the Townsend-discharge ion data.

plasma processing gases, but no ion-molecule cross sectiopg, yever, it is clear that a complete understanding of the ion
are available in the literature. Consequently, plasma model§netics in even this simple discharge requires additional

[3-6] for_ CF, systems eithe_zr do not include_potentially iM- ~ross section data and sophisticated modeling.
portant ion-molecule reactions, or use estimates for cross

section values.

In order to provide some of the essential ion-molecule [l EXPERIMENT
interaction data that are needed for such modeling, and in
order to enhance the understanding of ion transport in simple
CF, discharges, we present and relate the results of two ex- In the first experiment, absolute cross sections were deter-
periments. In the first part of this paper, we present absolutglined using complementary electrostatic trapping and
cross section measurements for ion-molecule reactions irfrossed beam techniques which have been described in detail
volving positive and negative ions typically found in dis- previously[8,9]. Briefly, the primary ions F, CF; , or F,

are formed in a low pressure~(1.3 Pa) arc discharge
source using a mixture of 10% GF90% Ar as the dis-
*Present address: Physics department, University of Denver, Deig¢harge gas. The signal intensities of other ions from the

A. lon-molecule cross section experiment

ver, CO 80208-2238. source, such as CFand CF were too small to allow cross
"Electronic address: champion@physics.wm.edu section measurements. After extraction and mass analysis,
*present address: NASA/Ames Research Center, Moffet Fieldthe primary ions are focused into an electrostatic trapping

CA 94035-1000. cell for direct measurement of absolute cross sections for
$Electronic address: james.olthoff@nist.gov collision induced dissociatiofCID), the sum of all dissocia-
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tive charge transfefDCT) reaction channels, or electron de- biasing the upper electrode either positively or negatively in
tachment(ED). The scattering region of the cylindrically order to sample positive or negative ions, respectively, at the
symmetric cell consists of a collision chamb@cattering grounded electrode. The pressure in the discharge ranges
path~46 mm), detection plates, three 90% transparent parfrom approximately 5 to 20 Pa.
allel grids, and a Faraday collector. The target gas pressure is lons from the discharge pass through a 0.1-mm sampling
maintained at 0.05 Pa. The range of ion energies over whichrifice in the grounded electrode and enter a differentially
accurate CID and DCT cross section measurements can Ipegimped, 45° electrostatic ion-energy analyzer and quadru-
made is from 20 to 400 eV, with the lower energy limit pole mass spectrometer system, which has been described
determined by large angle elastic and inelastic scattering gfreviously[11—-13. The resolution of the mass spectrometer
the primary ion beam. Measurement of ED cross sectiongvas approximately 1 tamu), and the resolution of the elec-
extends to much lower energiémpproximately 2 eYas the trostatic energy analyzer was maintained at 4 eV, indepen-
detached electrons are confined by magnetic trapping. dent of the mass and energy of the ion. The kinetic energy
By varying the retarding voltages on the grids, one cardistributions of ions striking the grounded electrode are mea-
effectively isolate slow product ions associated with varioussured by setting the quadrupole to transmit ions of a particu-
dissociative charge transfer channels collectively, as well alr mass, and then scanning the potential of the energy ana-
certain more energetic CID products. By applying a smalllyzer. As discussed in Ref§l11] and [12], the resulting
axial magnetic field £ 12 G) to the collision chamber, elec- distribution function is an ion-flux energy distribution, i.e.,
trons resulting from detachment or target ionization are conthe number of ions per second with energy betweesand
fined to a small radius of gyration, allowing for their separa-e + de that strike a particular area of the grounded electrode
tion and detection and hence determination of total crosgl4].
sections for electron detachment from,For target ioniza- In a Townsend discharge the currents are sufficiently low
tion in the case of positive primary ions. In order to ascertain(<100 uxA) such that space charge effects are negligible,
cross sections for each DCT channel uniquely, a crosseie., space charge does not significantly affect the applied
beam arrangement is implemented. Here the primary beamlectric field between the electrodes. Thus assuming the ions
passes resonantly between two curved plates of a cylindrica&xperience many collisions as they travel across the gas, the
capacitor(mean radius of 76 mmand intersects orthogo- energies of the ions will be dependent only upon the ratio of
nally with the target gas injected from above. The slow posithe electric field strength to the gas number dengiti.
tive product ions are forced through an aperture in the innefhe electric field strengtk in the discharge gap is assumed
wall of the capacitor and subsequently focused into a quado be given by,/d, whered is the interelectrode gap spac-
rupole mass analyzer. Product ion intensities are measured ing (2 cm) andVy is the voltage drop across the gap. The gas
counting mode using a continuous dynode electron multipliedensity N is determined from the gas pressure in the gap
operated so that its detection efficiency is close to unity forregion as measured by a capacitive manométaratror).
both singly and doubly ionized products. Branching ratiosThe combined errors of these measurements indicates that
for slow product ions are then determined and combinedhe uncertainty in the measur&dN of a discharge is- 3%.
with the trapping cell results to determine cross sections for
specific DCT processes. Uncertainties for the CID measure- IIl. EXPERIMENTAL RESULTS
ments are estimated to be withih15%, while those for
DCT measurements are within20%. To provide an addi-
tional check of the present experimental method, cross sec- A list of observed reaction channels and their respective
tions for DCT producing C¥ and CF arising from colli-  endothermicities for ground state reactants and products is
sions of A" with CF, were measured and compared togiven in Table I, where the endothermicities are expressed in
previous results of Fisher, Weber, and Armentr¢t6].  eV. Underlined products, which are fragments of the primary
These latter experiments employed a guided beam techniquens, have roughly the same laboratory velocity as the reac-
in which the primary ion beam was injected into an rf octu-tant ion. Therefore CF formed from collision induced dis-
pole ion beam guide and collision cell, allowing all slow sociation of CE will have 25 of the kinetic energy of the
charged products to be effectively collected. Our resultgrimary ion. The laboratory kinetic energy of all other
agreed with those of Fisher, Weber and Armentrout to withincharged products will be small compared to that of the pro-

10% over the range of energies common to both experiectile. Shown in bold are the observed product ions or free
ments, viz., 25 to 50 eV. electrons.

A. lon-molecule reactions

B. Townsend discharge experiment 1. F*+CF,

In the second experiment, the relative intensities and en- A mass spectrum illustrating the DCT products for colli-
ergies of ions produced in dc Townsend discharges ip CFsions of F with CF, for relative collision energy of 66 eV
are measured. The experimental apparatus used here is é-given in Fig. 1. The figure clearly illustrates the remark-
sentially the same as used previously in our studies ofible variety of chemically reactive species—including dou-
Townsend discharges in rare gagéd4] and oxygen[12]. bly charged products—arising from these reactants. As men-
Briefly, the discharge cell consists of two flat, parallel, 11-tioned earlier, the spectra are acquired in a pulse counting
cm-diam. stainless steel electrodes separated by a 2-cm gappde which does not preferentially detect doubly charged
and surrounded by a cylindrical quartz tube. The discharge i®ns. Thus the relative intensities for €Fand CE * are
generated by introducing a gas between the plates, and thegaled in the same manner as is done for" CEtc. The
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TABLE |. Reactants and products related to measurements re- 24+
ported herein. The endothermicities are given in eV, the products of
CID are indicated in italics, the underlined products have roughly 221
the same laboratory velocity as the reaction ion, and the observed 201
product ions or electrons are shown in bold.
18+
Reaction Endothermicity
Number  Reactants Products (eV)
1 F"+CF, CF3+F+F +2.7 ‘::E 8
2 CF, +F,+F -1.9 o ] i
3 CF*+F,+F+F —-4.7 A\,A,Aﬁg,,ﬁ_ﬁ,ﬂé.AM,A“A CEH
4 C*+2F,+F -10.8 4o B S
5 F*+CRy+F <-108 f JRVEE SR A7+ A ]
— o AR R A
6 CRI*+F+F -21 1?‘ CF, $V§Ffvvoﬁ
7 CFI*"+F+F -21.1 ' e
L ] o
+ 1o 0O F o) Ooo Pry
8 CI::,,F +CFKy CFi + F+% —-5.7 R R e CR E|/4:]/1:1
9 CFf+F,+CF, -10.3 . b’
=3 n =L - 3 . ]
10 CF*+F+F,+CF, ~13.1 0.5 fﬂg-jixf@-gﬁ X
11 C*+2F,+CF, ~19.2 R CF,
+ ~— _ 0.0 T T
g gii +E+ %F; 3421 20 40 60 80100 200 400
+F,+ -7. . .
14 F_T"‘ C_Ei-i— c Fj _193 Relative Collision Energy (eV)
15 C'+F+F,+CF, —-15.1 FIG. 2. Absolute cross sections for individual DCT reaction
channels presented as a function of relative collision energy for the
16 F +CFK e+CFR,+F -3.4 reactants I and CR. The total DCT cross section is also shown.
8Endothermicities listed were derived from information in H&B], Figure 2 illustrates the summed cross section for all DCT
and references cited therein. Positive values of endothermicity inprocesses as a function of the relative collision energy, along
dicate an exothermic reaction. with those for its constituent channe(seactions 1-7 in

Table )). Unexpected are the small values for producing

_ . CF; , despite the fact that this process is exothermic by 2.7
endothermicities shown in Table | are based on the assumpy, owing to the large ionization potential for F.

tion of ground state reactants and products and, for the dou- perhaps the most interesting result is the substantial cross
bly charged product ions, that"Hs a product rather than  section for producing CF" , illustrating an efficient process
e +F. The cross section for producing electrans could  for the conversion of F to F~. This reaction exhibits an
also be measured with the present experimental apparatusexpectedly large cross section with a surprisingly low
and it was found that,<0.05 AZ (the lower detection limit  threshold energy. Doubly charged £F is apparently pro-
of the apparatysfor the energy range of the experiments duced for ion-collision energies below the ground state en-
(20 eV<e<350 eV), thus supporting the above assump-ergetic threshold of-21 eV, a value derived from electron-
tion that anion products are associated with doubly chargetinpact appearance potentiéhP) measurement§16] that
products. assume the process+CF,—CF, " +F,+3e. If the AP
products were actually,F+ 2e, the reaction would be some
i i 3 eV less endothermic, i.e., 18 eV.
CE* 1 The detection of CF™ for low collision energies suggests
] the possibility that the primary ion beam is comprised of
2 . ground and metastable states of, Fnost probably F(*D)
] ] and F (1S), 2.59 and 5.56 eV above ground statgiP),
respectively. A multiple state 'Fbeam is not uncommon
when the ion is formed in an electron impact ionization
. cF 4 source with an Ar:Cfmixture as the source gas and electron
energies exceeding 50 €¥7,18. In the present experiments
the kinetic energy of the electrons in the positive ion source
was 100 eV and could not be lowered by more than about 10
. eV due to a substantial decrease ih iBn beam current, an
] ] observation in agreement with the results of kinal. [18].
50 60 Increasing the source gas pressure to collisionally deexcite
Mass/Charge (w/q) metas_table Fions is probably ineffective as singlet to triplet
transitions would not be expected to have large cross sec-
FIG. 1. Mass spectrum for ions produced from collisions 6f F tions. It is interesting to note that, although small, the cross
with CF, for e=66 eV. sections for production of GF" are still comparable with
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FIG. 3. Dissociative charge transfer cross sections fog CF ~ .
+CF,. The summed cross section of individual DCT processes is

also presented.

E/N (1018 v m?)

those for producing € and F . It should be noted that the

endothermicity for production of GF" given in Table | was FIG. 5. (a) Comparison of standard electron-impact mass spec-
also based on AP measurements and the assumptio® thatrum of CF, for 70 eV electrons, with the mass spectrum of positive
+CF,— CF§++ F+3e. ions sampled from a GFTownsend discharge witlE/N=11.4
X108 V' m? (11.4 kTd. The two mass spectra are normalized to
have equal total signalgb) The relative intensities of the four

dominant ions sampled from GHownsend discharges at various
The number of DCT product channels for these reactants, es ofg/N. P « g

(reactions 8—11 in Table is considerably fewer than what

ish obs%rv_ed for t::]e_ F %rojecti(lje.f Specifically, nﬁ dOUb:y (the two cannot be distinguished in the CID measurements
charged ions or F is observed for CF-+CF,. The total  cr “anq CE were found to have almost exactly the same

crccj)sslsection fo;'DC'I; s tghiven irc]i Fi?' 3 a]!(zrr:g Wi.th Fhel iB%i:l_energy-independent cross sections, each with a magnitude of
vidual cross sections for the production ot the principa 6+1 A2 Again, no evidence could be found for the pro-

p_roduc_ts. The energy levels for these product channels ar ction of free electrons for these reactants.
given in Table I, where again ground state reactants an
products are assumed. The magnitudes of the cross sections
decrease substantially as the endothermicity of the reaction
increases. Cross sections for electron detachment for+fCF, are
Cross sections for collision induced dissociati@®@ID) given in Fig. 4. Electron detachment begins at the electron

were also measured for these reactants for collision energiegffinity of F~ (3.4 eV) and increases rapidly with energy.
30 eV<e<230 eV, but are not shown here. The three CIDThe cross section is somewhat similar in magnitude and be-
channelgreactions 12—15 in Table producing C and F° havior to that reported for Fimpacting rare gas targeft$9]

and shows that electron detachment may be a significant con-

2. CF{ +CF,

3. F +CF,

- - ' - tributor to the population of chemically active fluorine, an
® important radical in plasma etching processes.
16‘ OOO/OOO
o// Oo
12 o/ ) B. Townsend discharge experiments
-~ g . .
?i‘? 0 I:_lgurg Fa) sh_o_vvs an energy-integrated mass spectrum pf
o 8- e positive ions striking the cathode of a Townsend discharge in
o CF, (black barg, as measured by the mass spectrometer-
09 energy analyzer system. Thé fon exhibited a signal inten-
+ & sity near the detection limit of the instrument at@&IN, and
) CF, * was never observed. Fand CF; were the only nega-
0 oo . - tive ions detected. Both exhibited weak signals, as compared
2 5 10 25 50 75

Relative Collision Energy (eV)

FIG. 4. Electron detachment cross section for collisions of F

with CF,.

to the positive ions, with CF consistently exhibiting a flux
nearly 10 times smaller than that for FFor comparison, the
standard 70-eV electron-impact mass spectf2fj for CF,
is also showr(gray bar$ in Fig. 5a).
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The actual energy distribution of electrons in the vestigated here. The'Fion signal intensities were too weak
Townsend discharge is unknowno calculations or mea- to allow the measurement of energy distributions. At 5
surements have been made at this HigN), but it is ex- X 1078 vV m?, the distribution for each ion exhibits a nearly
pected to be non-Maxwellian with a high energy tail. It is linear decay with increasing energy on the semilog plots.
therefore an oversimplification to assume that the 70-eVThis has been shown to be indicative of equilibrium motion
electron-impact mass spectrum is indicative of the positiveof ions through the dischardd 1,12, i.e., each ion experi-
ions formed by electron impact in the discharge. Even so, iences many collisions before striking the cathode. Interest-
is reasonable to assume that the differences between the targly, the maximum ion energies of the distributions, and the
mass spectra in Fig.(8 may be partially attributed to the corresponding mean energies, increase with decreasing mass,
ion-conversion collisions that the ions experience as theyndicating that the magnitude of cross sections for collisions
travel through the discharge after having been formed byesulting in energy loss are smaller for the smaller ions.
electron-impact ionization. Thus in general one can surmise At the higherE/N value (25.%10° ™ V'm?), the distri-

from Fig. 5a) that ion-molecule reactions exist that destroyPutions exhibit signilficat\r:t (E#rvatll{[re, agd thg tr?NaXimE[Jr?] ioln
CF! and F ions, while creating G, CF, and CF ions,  CNergies are equivalent to the voltage drop between the elec-

The relative intensities of the four dominant ions Weretrodgs(?68 V. Bqt.h of these opservgtions in_dicate a Iapk of

i . . .~ ~equilibrium conditions for the ions, i.e., the ions experience
.observed.to vary with the value.Ef/N in the dlsgharge. ThiS 150 few collisions to exhibit an energy distribution character-
is shown in Fig. §), where the intensity of 93:'5 observed ;e solely byE/N. In fact, some of the ions travel across the
to decrease with increasirg/N, the intensities of C and  electrode gap without experiencing any significant energy
CF" increase with increasing/N, and the intensity of CF  loss. Again the mean energies of the distributions increase

is nearly independent d&/N. with decreasing mass of the ion, which is a trend that was
Figure 6 shows the energy distributions for the four domi-observed at all values &/N studied here.
nant positive ions detected from two £Hownsend dis- By integrating the ion-flux energy distributions, the mean

charges withE/N values near the extremes of the range in-energies of the ions were calculated. The mean energies at
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observed in Fig. & when compared to electron-impact ion-
10°F ,:"‘a;' F ization may be attributed to two collision processes that de-
e Wy stroy CR ions. The first is the dissociative charge transfer
reactions presented in Fig. 3. While these reactions primarily
result in the formation of a “slow” CE ion and a “fast”
: SR S CF; radical, there are significant cross sectignsactions
[ (a) e 9-11 in Table ) for the destruction of Cf resulting in the
10! ' b . production of CE , CF*, and C" ions, particularly at higher
energies. The second source of ;CHestruction is the
collision-induced dissociation procességactions 12-16
discussed in Sec. IlIA2. In these reactions the projectile
. CF; ion is dissociated to form GF, CF", C*, and F ions.
‘EW“: 2 The sum of the cross sections for these four reactions is
% approximately 18 A. Together, these DCT and CID reac-
tions represent a large loss mechanism contributing to the
reduction in the number of GFions that reach the surfaces
exposed to the discharge.
Complementary to these destruction collisional processes
Ion Energy (eV) for F* and CF , is the formation of CF, CF", and C",
which are the dominant ionic products for many of the DCT
FIG. 7. lon-flux energy distributions for'Fions sampled from  and CID reactions. This is consistent to the relative increases
CF, Townsend discharges witl) E/N=4.0x 107" vm*andb) iy cEf | CF*, and C' intensities presented in Fig(d for
E/N=16.8<10"" v m". the Townsend-ion data compared with the electron-impact
data.
The E/N dependence of the relative intensities of the four
positive ions shown in Fig.(B) is consistent with the energy
dependence of the ion-molecule reactions. The decreasing

Ion Intensity

10°F

10%

vu;tu___sq»ll

Ion Intensity

10

- (b)

1 ) 1y el it p
10 0 100 200 300 400 500

low E/N=4x10*® Vv m? are observed to range from ap-
proximately 20 eV for CE to nearly 40 eV for C. At the
highest value oE/N, the mean energies range from approxi-

mately 150_eV forlcg_ to nearly 25_0 eV for C These. flux of CFy with increasingE/N, associated with increases
values provide an indication of the ion energies for Wh|ch.n C* and CF signals, correlates well with the increasing
ion-molecule cross sections are needed to interpret the dat?oss sections fort:an(,j CF production by DCT in Fig. 3
from these types of discharges, . and with expectations that the cross section for CID of CF
For the negative ions detected from the discharges, Onl}{iecreases with decreasing ion energies below 30 eV. The

F~ exhibited sufficient signal intensity to allow reliable mea- )
surements of ion-flux energy distributions. The distributionsre'at'Yely fIaF dependence of GFon E/N .cannot pe fully
for F~ at two values oE/N are shown in Fig. 7. The signal explained without measured cross sections for its destruc-

intensities are weak compared to positive ion intensities, anfion- The independence of CFsignal withE/N does suggest
the maximum ion energies are also lower than observed fdhat some significant destruction processes exist that would
positive ions at the sam&/N. The mean ion energies for F~ compete with the significant production processes fop CF

range from 25 eV at #1018 Vm? to 110 eV at 17 Measured here in reactions 2, 9, and 12.
¥ 10"18 vV m2. The large cross section measured for the production of

“slow” CF ; ions by DCT from CE (reaction 8 and Fig.)3
IV. DISCUSSION explains the relatively low energies of the ;_Zh'ons shown
_ ~__inFig. 6, as compared to the other positive ions. It has been
Some of the Townsend discharge data presented in Figs.shown for other gases, that such charge transfer reactions
—7 may be interpreted in light of the cross section data presignificantly reduce the mean energies of that ion in the dis-
sented in Figs. 2—4 and the discussion in Sec. IllA. Thecharge[11,12. Based upon the observed trend in ion ener-
nearly total lack of F flux in the Townsend discharges is gies with changing mass that is evident in Fig. 6, similar
attributable to the dissociative charge transfer reaction®CT cross sections would be expected for;GFCF", and
shown in Fig. 2. Only a small portion of the total cross ¢+, although the magnitudes would be somewhat related to
section for DCT results in the formation of a new Fon  the mass of each ion.
(reaction 5 in Table)l The remaining collision pathways  pjssociative electron attachment to £B weak[15], so
ent ionic species, thus nearly eliminating from the dis-  jntensities in the CFTownsend discharge. Additionally, the
charge before it can reach the cathode. Interestingly, fromjgnificant cross section for collisional electron detachment
the croii section data in Fig. 2, one would expect a subs.tal{for F~ (reaction 16 at the ion energies exhibited by the
tial CF, " signal to be observed from the Townsend dis-distributions shown in Fig. 7 will further reduce the amount
charge. However, no GF ion flux was detected, perhaps of F~ detected at the electrode. The increasing cross section
indicating that a large collisional destruction process, such afr collisional detachment with increasing ener(fig. 4)
charge transfer, also exists for £F. explains the relatively low ion energies observed for F
Similarly, the relatively lower intensity of the GFion  compared to the smaller positive ions.
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Because of the relatively high pressures and long transanalysis of their results. For example, Snijkertsal. con-
port distances existing in the Townsend discharges, the ioreluded that Ck ions were produced in the sheath primarily
molecule reactions measured and discussed here significanly the dissociation of CF ions, which is supported by our
influence the energy and species distributions for ions strikcross section measurements for that reactieaction 12 in
ing the surfaces exposed to the discharge. The influence gfaple ). However, they did not consider the production of
these reactions will be less for low pressure discharges With;|:£r from CID reactions such as reactions 2 and 9 shown in

small sheaths where the ions experience far fewer high €lkigs. 2 and 3, respectively. Similarly, the production of';CF

ergy ion-molecule collisions. For example, ion-flux datajons in the sheath are attributed primarily to CID reactions of
taken in an inductively coupled, GFplasma[21] exhibit

) SRR e o CF§ ions with CF, (reaction 8, while a CID reaction involv-
narrow ion-energy distributions and relat|v<_a ion fluxes S|m|-ing F* (reaction 1 may also contribute. Finally, the produc-
!ar o Fhe 7(.)'?\/ mass spectrum sho_vvn n Flga)S_thus tion of F* in the sheath was attributed primarily to symmet-
indicating minimal ion-molecule collisions as the ions are charge-exchange collisions with F radicals. Equally likely
accelerated toward the grounded electrode.

. - - . -+
Other discharges that are commonly used for plasma prd:groductlon mechanisms include the CID reaction of;CF

cessing application possess characteristics that would su triking CF, to form F* (reaction 13 and the DCT reaction

gest a potentially significant role of ion-molecule reactions in f F* striking CFy to form F* (reaction 5.
determining the composition and energy of the ion flux. For
example, capacitively coupled plasmas commonly operate at V. CONCLUSIONS
pressures ranging from 1.3 to 133 @48 to 1000 mTorrand i ,
exhibit sheath widths larger than a millimeter. At these pres- We have presented cross sections for ion-molecule reac-
sures the mean free path of an ion can be smaller than tHions that are typically found in many Gfischarges. These
sheath width, and depending upon the reactor design, tH&actions include dissociative charge transfer for &nd
ions can have energies exceeding 100 [@2] CF. , collisional induced dissociation for C,*F, and colli-
lon intensity and energy distributions for capacitively sional electron detachment for FAlso presented were mea-
coupled Cg discharges reported by Jar[@8] showed that surements of kinetic energies and relative intensities of ions
intensities of CF and CK ions increased with increasing Sampled from dc Townsend discharges. Analysis of the cross
gas pressure. These observations are in agreement with tR&Ctions presented at the beginning of the paper allowed a
cross section measurements presented here. Janes attemtéferal interpretation of the characteristics of the ion flux
to identify possible ion-molecule reactions to explain his ob-measured at the electrodes of the Townsend discharge. This
servations, but acknowledged the need for energy dependefi¢ggests that the processes for which cross sections were
cross sections for a detailed analysis of the structures olsletermined represent the primary ion-molecule reactions oc-
served in the ion-energy distributions. curring within the discharge. However, a complete assess-
In a similar measurement for a gFcapacitively coupled ment of the_lon production and transport within the discharge
discharge, Snijkerst al.[24] concluded that a large number Would require a more complete measurement of cross sec-
of chemical reactions take place within the sheath involvingions. including CID and DCT cross sections for the less
CF; ions and neutrals. From an analysis of their ion-energyabundant ions, such as CCF', CF;, and CR "
distributions, Snijkerset al. attempted to deduce the domi-
nant ion-_moleculg reactions_ occur_ring _v_vith?n the sheath. ACKNOWLEDGMENT
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