Metadata, citation and similar papers at core.ac.uk

Provided by Digital.CSIC
OURN

Distinct nonequilibrium plasma chemistry of C , affecting the synthesis
of nanodiamond thin films from C  ,H, (1%)/H,/Ar-rich plasmas
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We show that the concentrations of the speci@s{)C12g+), C,(a®M,), and GH exhibit a
significant increase when the argon content grows up to 95% in medium pré8st&dor) radio
frequency(rf) (13.56 MH2 produced GH, (1%)/H,/Ar plasmas of interest for the synthesis of
nanodiamond thin films within plasma enhanced chemical vapor deposition devices. In contrast, the
concentrations of Ckland GH, remain practically constant. The latter results have been obtained
with an improved quasianalytic space—time-averaged kinetic model that, in addition, has allowed us
to identify and quantify the relative importance of the different underlying mechanisms driving the
nonequilibrium plasma chemistry of,CThe results presented here are in agreement with recent
experimental results from rf CHH, /Ar-rich plasmas and suggest that the growth of nanodiamond
thin films from hydrocarbon/Ar-rich plasmas is very sensitive to the contribution,cér@ GH
species from the plasma. ®003 American Institute of Physic§DOI: 10.1063/1.1617362

I. INTRODUCTION be responsible for the diamond nanocrystals found in rf me-
dium pressure Ck(2%)/Ar plasma$ since GH exhibit
%igher chemisorption probabilities than ¢HCH,, and
C,H,. M

Experimental results on the synthesis of nanocrystallin
diamond thin films in a matrix of diamond like carbon by
Amaratungaet al! working with radio-frequencyrf) (13.56 , i . ,
MHz) produced CH (2%)/Ar plasmas at medium pressures The_r_efqre, the main goal _of this article is to discuss the
(0.3-0.5 Tory, together with the most recent results by Nonequilibrium plasma chemistry of the, @nd G (a°I1,)
Gruen and co-workefs'® with microwave (MW) (2.45 (hereafter, called £) species produced in (.3.56 MH2-
GH2) excited CH (1%)/H,/Ar plasmas at high pressures generated ¢H, (1%)/H,/Ar at medium pressure.75 Tor)
(50—-100 Tory, have shown the feasibility of growing nano- plasmas of interest in nanodiamond thin film deposition. This
crystalline diamond thin films by using plasma mixtures ofwill be done in connection with the predicted trend of other
different carbon containing molecules (€Hg,) with important species such ask, CH;, and GH,. We propose
minute amounts of molecular hydrogérom 0% to 1% and  a number of kinetic mechanisms that account for the experi-
important argon concentratiorigp to 99%. In addition, the  mental trend of the radical GHbbserved by Schulz-von der
systematic experiments carried out by Zhetal” show a  Gatheret al*2in rf (13.56 MH23-generated hydrocarbon/Ar-
transition from microdiamond to nanodiamond with the pres+ich plasma environments.

ence, in the latter case, of strong Swan band emission related Finally, we will also compare our model results with
to G, radicals. The micro- to nanodiamond transition has,ocent simulations by Riccarditall® of the gas-phase
been shown to be especially sensitive to the amount of Ar i'?:hemistry of rf, medium pressure (0.75Tem
the plasma since optical emission spectroscopy experimeng 1.5 Torp CH, /Ar plasmas. The latter results are interesting
in the plasma show dramatic changes in the species emissign hev indi h i< th bund b

he A tration i 8240 Thi ; Since they indicate that GHis the most abundant carbon-
pattern as the Ar concentration increasés. This suggests . L . oo

containing radical in pure rf CHdischarges, while it is the

that changes in the nonequilibrium plasma chemistry are A . . .
likely to occur parallel to the surface changes leading fromdlmer G in dlschgrges ,Of Clﬂhlghly dllu.ted n argon.l How-
micro- to nanodiamond structures ever, the latter simulations fail to predict the experimentally

While some experimental evidence points tp @mers observed trends for the concentrations of the radicay.CH

as the growth species for nanocrystalline diamond in MwMoreover, our own previous resulfs(using a very simpli-

CH, (1%)/H,/Ar and G/ Ar plasmas, a lack of understand- fied C, chemistry together with Riccardi’s simulatiof$

ing remains with regard to the different reaction paths thaPredicted unrealistically high values-@0**cm™2 for 90%

lead to the increase of the,Gpecies when Ar increases. In of Ar in the feed gagfor the concentration of £ The latter

addition, dicarbon (§ radicals together with {H species concentrations have not even been measured within the high

(not studied experimentally as a function of)Anight also  pressure(50—100 Tory and power(1000 W MW (2.45
GHz)-produced CH/H,/Ar-rich plasmas studied by Gruen

aAuthor to whom correspondence should be addressed; electronic maiﬁ‘nd CO'Workeré'_lOIn the present work, the different chemi-

vazquez@io.cfmac.csic.es cal reaction paths assumed for thg €§pecies allow us to
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TABLE I. Electron-impact processes. TABLE Ill. Neutral-neutral and neutral—ion processes and their corre-
sponding rate coefficients.
Reaction Reaction
*(h_o1lp 3 K2 Rate coefficient
e+Ar — e+Ar*(n=2'P %Py 1 ) H*(n=22P" ), ) +e— e+H Reaction (s tor cnPs )
e+Ar — 2e+Ar* e+C,H, — 2e+C,H,*
e+Ar*(n=23P,,) — e+Ar e+C,H, —» C,H+2H+e Ar*(n=22Py,) +CH, — CH," +Ar+e 3.50x 107
ete+Art — e+Ar e+C,— C,*+e Ar+CyH, — CoH, " +Ar 4.20x 107
e+Art — Ar+ho e+CyH," — Co+H+H Ar*(n=2Py ) +H, — ArH* +H 1.10x 10°1°
e+H,— HtH+e e+CoHy" — G +HAH Ar'+Hy — Hy " +Ar 3.00x 10"
e+H, — 2H (n=22F",, ) +e e+CH," — CH+H A +H, — ArHT +H 5.40x 10 '
e+Hy — HHH™ (n=32F ) +e e+C,H— C+CHH+e CH+CH— CH+H 2.49% 107
e+H, — Hy" +2e e+CH, — CHy+H+e Ar+ CoHy+H — CH+Hy+ Ar 8.79x 10 *
et+tH,—e e+ C,H; — C,H+2H+e CoH+H — CH, 3.00x 107
FH*(BIS*, CMI, 2% ") Ar+C,H+H — C,H,+Ar 3.10x 107%
etH, — e+ H,* (b5, ,c M, d7,)  e+CHy— CoHp+H+e CoH+H, — CoH,+H L51x 107
e+Hy(v=0) — e+H,(v=1,2,3) e+C,H," — CH+CH CHy+H — CH, 7:00>10°
et+H— etH* (n=22F",,5) e+C,H," — CH,*+C CHz+CH, — CHy+ CoH 7.63x 10°
’ CHz+H, — CH,+H 1.16x 1072
CHy+H+Ar — CH,+Ar 8.19x 10
CH;+CH — C,H,+H 6.42x 1071
—11
predict concentrations for£and G* that are reasonable for ggﬂgn :CéH|j++HH g'ggi ig*“
the pressure conditions studiéske belowthat, in addition, ¢/ 1° ¢ /" 1605 10-13
keep the experimentally observed trer@s MW plasma$  c,H,+Ar — C,H,+H+Ar 1.30% 10~ 12
with increasing Ar content in the feed gas. C,Hz — CoHp+H 3.31x 107

Il. APPROACH

We have used a general quasianalytic space—timeyower MW-generated CHH,/Ar-rich plasmas studied by
averagedzero-dimensionalkinetic model for studying the Gruen and co-workers:° In these plasmas, the measured
nonequilibrium plasma chemistry of medium-pressuregas temperatures take values of up to 1500 K, that is, close to
(0.75Tory CoH, (1%)/Hy /Ar 1f plasmas €=13.56 MHz,  the gas temperature region where the rate coefficients of the
$1ota= 100 sccm,P=100 W) with a gas temperature &f;  reactions CH/CH+Ar have been experimentally
=400K. The latter simulation conditions were chosen soevaluated®
as to compare with the recent diagnosis studies reported by The present model provides a period-average electron
Schulz-von der Gatheet al** for capacitively coupled rf  energy distribution functiotEEDP that is obtained from the
(13.56 MH2 plasmas containing CHH, /Ar. numerical solution of an electron Boltzmann equation solved

The model that we have used here is based on @nder the assumption of a two-term approach based on the
previous oné! The differences are, however, that dc effective field approximation which, as shown in a previ-
we have now considered more types of speciesus work!* is justified for the case of rf13.56 MH32 pro-
[ArAr* (n=2'P; °Py; o) ,Arf, ArH* (B2IT,E?I1,1%A),H,,  duced GH, (1%)/H,/Ar plasmas. Once the period average
Hy* (B!, C'l,,a%s ", b33 "¢, d°IL,),H,H
(n:2,2P01/2,3/2) , CH,CH,,CHg, CH,, CoH,, CszJr ,CoHg, ) ) ]
CzH,Cq.CZ*] together with a greater number of possible T_ABLE IV. Neutral-neutral processes and their corresponding rate coeffi-
reaction paths for each of the species considered, including®™
electron-impact process¢$able |),1*~1®radiative processes Reaction Rate coefficieritr?s )
(Table 11),**'” and neutral-neutral and neutral-ion mecha-
nisms[see Table IlI(Refs. 18—23 and Table IV(Refs. 20,

C,Hz+H — CH,+H, 1.60x 10 %2

) > , Y CoHzt+H— CH, 4.80x 107

21, 24, and 2§. It is worth mentioning that the dissociation ¢ n,+H, — c,H,+H 0.81x 102

reactions of the type CH- Ar and CH+Ar (Ref. 23 are not  CH,+CH, — CH;+CH 7.68x 10713

included in the model equations since their important barrie€H,+H, — CH;+H 5.00x 10°1°

heights avoid them to proceed in low gas temperatarel ~ CaHs+ CH, — CoHp+CHs 3.00x 107

medium pressujeenvironments like ours. However, the re- SHs™CHs = GoHe 4.36>10 %

actions CH/CH+ Ar could probably proceed in the disso- g:(ﬁAH;U*f)inﬁ Chs 1.60>10°
L. K K X . R b+ Arf(N=2°Py,) — CH; " +Ar+e 2.60x 10

ciation direction in the case of the high pressure and highty | cp, . c 1,4 H 7.00% 101

CHy+ C,H; — CH,+C,H, 6.50x 10713

* —n3 +% — 10

TABLE II. Radiative processes and their corresponding rate coefficients. EEEIQ;*‘E:;;%j : gTZHZIAA;He ;ggi 18710

Reaction Rate coefficieris™) CH,+H — CH+H, 2.70x 10710

CH+H,; — CHy+H 3.03x 10 1

Ar*(n=21P, ,°P;) — Ar+ho 3.00x 10° CH+Ar*(n=2P,) — C+H+Ar 5.00%x 10~

ArH* (B 2I1,E2I1,12A) — Ar+H+hy  5.93x 10, 2.85< 10, 3.40x 10 CH+Ar*(n=22%P,,) — CH™*+Ar+e 2.60x 10710

H*(n=22P"y, 3) — H+ho 4.70x 107 CH+H — C+H, 4.98x 10
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TABLE V. Electron-impact and neutral—neutral reaction paths controlling T T T T T T
the behavior of ¢ and G* , and their corresponding rate coefficients. 10"- Theory (Ref. [13])
Reaction Rate coefficierftm®s™%) o

C,H+CoH — Cypt+ CoHy 3.0x 10722 (ky) §

C,H+H — Cy+H, 1.54x 1073 (k,) ";N

C,Hy+ Ar — Cy+Hy+Ar 5.71x10 8 (ky) S'10™ i
e+C, — e+C,*(a’ll,) =2.0x1078 (k,) Z

Cy+H; — CH+H 1.40x 10 *? (ks) e

C,*(aMl,) + CoH, — 2C,H* 9.6x 10 1 (kg) - Exp (Ref. [12])
C,*(a®M,)+H, — C,H+H <9.0x10 ¥ (k;) : - ; r r .
Co+Ar* (n=27P,) — C," +e+Ar 5.6X 10710 (kg) 0 20 40 60 80 100
e+CH," — C,*(a’lly)+H+H 1.3x1078 (2.5 eV) Ar [%]

—0.86x1078 (5.6 eV) (ko)

FIG. 2. Steady state concentrations gHg as a function of the Ar content
in the feed gas according to the present modg) [rf (13.56 MH2
C,H, (1%)/H, /Ar plasma, p=0.75 Torr, power100 W, and ¢rya
=100 sccm], the simulation results by Riccasetial. (Ref. 13 (A) (rf
. . . . . CH,4/Ar plasma withp=1.5Torr, power50 W, and ¢q,= 120 sccm),
EEDF is available, we can derive the corresponding perio@nd according to the experimental results by Schulz-von der Gathah

average electron-impact rate coefficients that are used latéref. 12 (W) [rf (13.56 MH2 CH,(10%)/H,/Ar plasma with p

on in a set of kinetic rate equations accounting for the non="0.75Torr, powe=100 W, and ¢ o= 66 sccm]. The solid lines are a

equilibrium chemistry of GH, (1%)/H,/Ar plasmas. Due 9uide for the eve.

to the limitations of the Boltzmann solver u€Bdrestricted  |11. RESULTS AND DISCUSSION

to three specigsthe calculations of electron-rate coefficients We see in Figs. 1 and 2 that the concentrations of, CH

involving the use of a non-Maxwellian EEDF are carried out4p, GH, predicted by the model follow, in a quite reason-

for species GH,, Hp, and Ar. able way, the experimental concentrations obtained by
The model used here allows us to derive approximatescn,iz-von der Gatheet al*2 for medium pressur¢0.75

analytical expressions that help us to discover interestinqorr) capacitively coupled rf13.56 MH2 plasmas contain-

features related to the microscopic reaction paths underlying1g CH,/H,/Ar. In the latter rf plasmas, the degree of dis-

the variation of the different particle population densitiesgqciation of CH leading to GH, is quite high for low
considered. We have assumed that at 0.75 Torr the value ?gm%) methane concentration®2” and it increases as the
the electron density ible=3.4x10'%cm™ 3 and that, accord- A, content grows? Therefore, we can simulate the

ing to experimental result,it remains practically constant CH,/H,/Ar plasma as it was one of 8,/H,/Ar so that

with the variation of the Ar concentration in the plasma. oy results can be compared to the experimental results re-

Additional details of the approach can be found in Ref. 14. ported by Schulz-von der Gathent al? It is interesting to

In the following, we will focus on the reaction paths \ote that, according to Figs. 1 and 2, using high Ar concen-

underlying the concentrations of,@nd G* (see Table ¥,  tration hardly affects the experimental and theoretical con-

which exhibit an important increase when the amount of Arcantrations of Chand GH,. In other words, the latter re-

in the plasma grows. sults suggest that the species £knd GH, are not
particularly sensitive to an important increase of the Ar
amount in the plasma. However, in contrast to this, there are
experimental results indicating that the synthesis of nanodia-

' ] mond thin films from medium pressur®.2—-0.5 Tory rf

Theory (Ref. [13]) (13.56 MH2 CH,/Ar (Ref. 1 and high pressurés0—100

Torr) MW (2.45 GH2 CH, /H,/Ar plasma$~2%s only pos-

sible when the Ar content increases up to sufficiently high

values (usually, 80%—-99% Therefore, the above results

suggest that the role played byl and the radical CH

during the growth of nanodiamond films might not be very

e e—0—e—9—e—e_s—s important. In this regard, it is important to note that previous

¢ Exp (Ref. [12]) simulations of rf CH/Ar-rich plasmas by Riccardet all®

0 20 40 60 80 100 fail to predict the experimental _tr_encdand quantitative val-

Ar [%] ue9 of the CH; and GH, densities recently measured by
Schulz-von der Gatheet al!?

FIG. 1. Steady state concentrations of Ci$ a function of the Ar content in When we look at Fig. 3, we can see that our kinetic

the feed gas according to the present model) [rf (13.56 MH2  model predicts that, as the Ar content increases, the concen-

CoH, (1%)/H, /AT plasma, p=0.75Torr, power100 W, and ¢ trations of G (also predicted by Riccardit al*® and G*

=100 sccm], the simulation results by Riccaeti al. (Ref. 13 (A) (rf g .
CH, /Ar plasma with p=1.5Torr, power50 W, and gyy= 120 sccm), and of GH exhibit significant growth. The increase ofC

and according to the experimental results by Schulz-von der Gathah with growing Ar concentration has been experimentally ob-
(Ref. 12 (@) [rf (13.56 MH2 CH, (10%)/H,/Ar plasma with p=0.75 Torr, ~ served(at a fixed pressure of 100 Torby Gruen and co-
power=100 W, andg=66 sccm]. The solid lines are a guide for the eye. \yorkers during their works with high pressu&0—100 Tory

Theory (Present)
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10" — . , . . . TABLE VI. Average electron energigg) obtained from the kinetic model
140" of the rf (13.56 MH2-produced GH, (1%)/H,/Ar plasma at 0.75 Torr,
— > . T4=400K, and 100 W for the different considered Ar contents in the feed
¢ 9 | —~ as.
g 10 & g
Ity g Ar (%) (e
Z 0 110° .
zo“ -4 5 2.52
— 20 2.91
104 40 3.48
. . ; ; ; —10° 90 5.26
0 20 40 60 80 100 95 5.59

Ar [%)

FIG. 3. Steady state concentrations of @), C,* (®), and GH (¢) as a

function of the Ar content in the feed gas according to the present model for E . tal b hi fi di th lectroni
a rf (13.56 MH2-produced GH, (1%)/H, /Ar plasma at 0.75 Torr and 100 Xperimental branching rauos regarding the electronic

W With ¢roe= 100 scem. The solid lines are a guide for the eye. dissociative recombination of the:ZIEIZ+ molecular ion have
been recently measured by Derkagthal 2° They found that
the electron dissociative recombination ofHG is domi-
nated by the two-body £H+H channel followed by the

MW (2.45 GHa-produced CH/H,/Ar plasmas.™*® More-  three-body G+ H+H, with branching ratios of 0.560.06

over, the deposits of nanodiamond thin films coincide withand 0.36-0.05, respectively, for very low energy electrons
the observation of intense emission lines belonging to thehetween 0 and 0.0074 ¢V

different vibrational transitions within the Swan band of In a preliminar approximation we have not considered
C,.°7"'% The latter experimental results suggest the existhe second channel leading tg-€H-+ H since we have con-
tence of different reaction paths driving the nonequilibriumsijdered that the main contribution of the electronic dissocia-
plasma chemistry that leads to the changes observed in thge recombination of g—|2+ is to produce GH radicals. In
C,* emission pattern as the Ar content in the plasma inaddition, it is not clear whether the above branching ratios
creases. remain valid for the much higher electron energies obtained
Contrary to the optical diagnosis studies of'Ccarried  in our calculationgranging from 2.52 eV for 5% Ar to 5.59
out(as a function of the Ar concentratipim the CH,/H,/Ar eV for 95% Ar at the fixed pressure of 0.75 Torr, see Table
plasmas produced by M,there is a lack of similar experi- VI). Moreover, as suggested by Derkatehal,*® if more
mental results within medium pressure (£3.56 MH2  electronic energy is available a broader range of vibrational
CHy/H,/Ar plasmas and/or other hydrocarbon/Ar-rich Jevels in G would be accessible. Eventually, for high enough
plasma environments. Therefore, at the present stage, the fgfectron energies, this channel would have access to the low-
sults of Fig. 3 can only be compared with those obtained irest excited electronic level of ,C that is, G(a>Il,)
high pressuré50—100 Toryf MW CH,/H,/Ar plasmas with  =C,* | which is just 0.088 eV above the ground electronic
which a qualitative agreement is obtairfed. state of G. Consequently, we then should consider ot
In order to discuss the different kinetic procese#®wn  +C,H," —C,+H+H, bute+C,H," —C,* +H+H. In the
in Table V) underlying the loss of Cand G* , we use two |atter case, the production of,€ would not change much if
approximate analytic equations from our kinetic model.we accept as a valid rate coefficient the one reported by
Thus, the concentrations of,@nd G* shown in Fig. 3 are  Fantzet al® for the electronic excitation of £(seek, in
given by the equations: Table V).
NCZH(NCZHk1+NHk2)+Nc2H2NArk3 Therefore, if 3vc\)/e consider the branching ratios report_ed
o= , (1) by Derkatchet al”* and the cross section for the electronic
2 Nek4+NH2k5 dissociative recombination of ,8," provided by Brooks
et al,'® we find that, for the energies of our plasma and
considering a Maxwellian EEDF, the rate coefficient for
NeNc2k4 electronic dissociative recombination obi," would go
= (2 from kg=1.3x108cmPs ! (for 2.52 eV} to ky=0.86
x10 8cm’s ™! (for 5.59 eV}, which are smaller than the
wherek,—kg are rate coefficients given in Table V. The loss considered rate coefficien{s~2.1x10 8cm®*s 1 (2.5eV)
of C,* through reactions of the type,&+ H, with reaction ~and~3.5x10 8cm’s *(6.0eV), being both derived using
ratek, (Ref. 28 are, in general, negligible and, therefore, nota Maxwellian EEDF reported by Fantet al® for the pro-
considered in expressiai2). In addition, although Penning duction of G* from the electron-impact excitation of,C
ionization (with rate kg) of C, by metastable Ar atoms is Consequently, the use of channet C,H," —C,+H+H
possible?® this process is not important when compared tomight most probably turn inte+ C,H," —C,* + H+H for
the loss of G through mechanism@!) and(5) of Table V2  high enough electron energies as the ones of our plasma, and
The ratek, for the electron-impact excitation of,@emains its impact on the production of £ might be moderatéess
practically constant within the interval of average electronthan factor 2 for the case of 5% Ar and very small for 95%
energies obtained in the present wadee Table VI and Ar.
Ref. 16. The concentrations for £, and GH predicted by the
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' ' ' ' ' ' CH, CH CH
10°] K Maxel ]
—~ dis
“ C:H i
g K Maxwel E Ar
:4‘5 10™] | *
% K non-Maxwell C2$C2+ + Ar + e
-Maxwell
1 0_1 o K|(:|nnon o CZH2
0 20 40 60 80 100 C;—> GH+H
Ar [%] H,
CH;
FIG. 4. Electron impact ionizatiofl andJ for a Maxwellian and a non- *
2CH

Maxwellian EEDF, respective)yand dissociatiori® andO for a Maxwell-

ian and a non-Maxwellian EEDF, respectivetf C,H, as a function of the . . . . .
Ar content in the feed gas according to the present model for (2366 FIG. 5. Schematic representation of the different reaction paths underlying

MHz)-produced GH, (1%)/H,/Ar plasma at 0.75 Torr and 100 W with the values of the concentratic:)ns of &d G* predicted in the present work

b10ta= 100 sccm. The solid lines are a guide for the eye. fo_r arf (13.56 MH3 CoH, (1 /o_)/Hz/A_\r pla_sm_a at 0.75 Torr _and 100 W
with ¢1oe=100 sccm. The thicker lines indicate the dominant reaction
mechanisms.

model can be seen in, respectively, Figs. 2 and 3. The den-
sities corresponding to H, H and Ar are not shown but their cjents by using a Maxwellian EEDF and the non-Maxwellian
trends are such thaas expected whereasNy; andNy, de-  EEDF directly obtained from the solution of the Boltzmann
creaseN,, grows with increasing Ar content in the plasma. equation taking into account the different kinetic processes
According to our model, the production of,Gs con-  considered in our model. The latter calculations are shown in
trolled, within the entire Ar range, by the dissociation of Fig. 4 for each of the average electron energies provided by
C,H, due to collisions with Ar atoms. In fact, the latter our model(see Table V) for the different Ar contents con-
mechanism accounts for more than the 99% of thep-  sidered.
duction channels. It is worth mentioning that, although the  After the above discussion, we understand that the im-
collision of two GH molecules is, in principle, favore@ver  portant Ar-dependent increment in the concentration gf C
the GH,-+ Ar mechanism by a greater rate coefficient (3 (see Fig. 3is mainly due to two mechanisms. As the amount
x 10 *2cm?s™ 1), the higher concentrations of,B,, and  of Ar in the plasma increases, the dissociation gficdue to
especially of Ar, with respect to that of,8 (approximately collisions with Ar atoms becomes more efficient and, second,
six orders of magnitude lower than the one of,Anakes of much less G is lost through collisions with K since Ar
the dissociation of ¢H, with Ar atoms the dominant reac- substitutes K. Moreover, Eq(2) indicates that the concen-
tion pathway leading to £ However, the importance of the tration of G* is mainly controlled by electronic excitation
reaction GH,+ Ar—C,+H,+Ar as a loss mechanism of from the ground electronic state of @nd that it follows the
C,H, is negligible when compared to othepld, loss pro- trend of the G concentration as Ar increases. We have sche-
cesses with much highéabout eight orders of magnitude matically represented in Fig. 5 the different reaction paths
rate coefficients like, for instance, Penning ionization withunderlying the values of the concentrations of &hd G*
resonant and/or metastable Ar atoms[C,H,  obtained in the present work.
+Ar(*Py*Py 1) —CoH, " +Ar+e] and electron-impact We would like to end up by pointing out the fact that the
mechanisms such as,@&, ionization and dissociatione( analysis of the nonequilibrium plasma chemistry of rf
+C,H,—C,H+H+e). In all the latter processes, their im- (13.56 MH2 C,H, (1%)/H,/Ar plasmas suggests that the
portant rate coefficients compensate the smaller concentrapecies ¢ and G*, and GH rather than GH, and CH
tions (with respect to those of Arof the plasma electrons seem to be specially connected with the possible surface
and of the resonant and/or metastable Ar atoms, respectivelgrowth mechanisms underlying the synthesis of nanodia-
In addition, the electron driven ionization and dissociation ofmond thin films observed within high pressu&—100 Tory
C,H, slightly exceed other loss mechanisms oHG, like MW (Refs. 2—10 and medium pressuré.2—-0.8 Tory rf
Penning ionization and charge transfer ,Hs+Ar" hydrocarbon/Ar-rich plasmdsln addition, whereas the sur-
—C,H," +Ar). In this regard, the electron-impact ioniza- face loss(or reaction probability for CH; radicals on the
tion and dissociation of &1, are worth a special comment. surface of amorphous carbon films is quite ldless than
Dissociation dominates over ionization but, in addition, thel0 2),!! that of GH is high and reaches values of up to
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